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m (^fniaw^) ftaz, nj 6 (xut-xfm 

w§i, »7® 0 Kiit, 

a, (Kft^ATMitjftm) (XMtPjBft) W^tti. 

&X it J¥fpJJHW*¥K^3£^Ji.W^I^^MB, WWS Wffi ftJ XX XXftJS W» . Mt R , 
^^^^^*SRr«sjewiRiJS. g)i?#*&^£ftX6<]XXft (Miitiftitjit#ft#$i 
&teii-ftJHM*¥SOni8flt). Sift. M X ft ft. it it ft 7 X X X X ft - ft & - ft ft.J g£, B|J£-# 




ft. mtXftMX7X7ft njj 


xxxftft. nj] eft {= £ x x ft m ft .& x isj ft e »j . iitx, 

tliiJftftMftfft ffiBJX XXXftWAitMfJLft> £RvX XS7 T 

tltHftfi “ftA^Gttflft”, (aRlftlfJiMfllSW). 


P!'J«ftAXXftXft: K't&^X^tfBfto tft 

wmxxxx “M” m 

ft)» mum, TOi(a)X“«lft”, inH*t&E#3C-5*& 

, ffl&F+XftAXftMft <i$«'l£S 


( A A jg X ft H& ft A X X ft X ft) o ii 

m, ^jitmft) n nmmmr-fc, ep£- ft-s-]iiftg&ftfm chtw) t, stmi 

ft XX, AfJXm. lfttAftXX<ftfiXftA 
MA. ft A. ft .t tJ ft 1$ tl'ft ft A X X ft A $J A X M ft ( BP X ft ft Iffi #l ft ^j ft A ft ft ft A 

Itt #J 4$ & Aft ft? ft). ftiX. £pftf0n£, —AWAJ^i¥iI2t;&jSifti3lSt (H<Aftfa@$i) ft 
ff&teftfi&ttlgS^, MXMMttftFMlX (|fc;*jftBS#lgfcM3§, Pseudorandom 
Generators), ftft^fc3ft^F7i!(#XXJlAft^lnt73')X SlltftftiAA, ft I® #1 'It. Aft HI ft 
Mft^ft^-|p]®fntj#iftfto 

r ^ftaifeft)ftx^piR (W®Jtxtrm) 


-jX 


siit, ft ft a fig ^ ^ it tt fft x ,a ai a a ti tt. n m x, tyiH 


® ins. ('i:)tte°r-^4‘. ii J »ffl.t!,»JWW.ttU)jri ! Jia*'l'StiiS(. 

t!i»jaariWA : ^isjfij. 
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il WU&ft 


7 “£niR”. SX^&PJ#*Pi,R3t2W$E:£, # 

fMSfaXSlJiMfflW, 0*'&flT!JillBl-^ijE^* > hB5$feJI^»«WjEflltt. Win. nJWiffi 
J±*S^ftIiHfiEi!04—3-Rr#fett, MX7MJM*W 3-#fe^r^o 
±&fchfc I t , tl8l7£S. £4 1 &£lL#f£&£®liniR*n/acWttMlA. MlSSiH^—# 

&X)iSift, i§—^#W*ff£5tfcilN$8EiS5£. MiAA, £S^MWtt^7g7l$l#l 
{fc<WtfcTlgtf&K#UfcM), H^ffi#WMaWTOffi£, WiIW#RSSIIW*SWS'J 


*tt*immx±&)vEW' 

*PiRJ6fc-;fr»WWS-:friftW 

f#?!j) W&ffi-Slit. £^#jtx±, ^PiRicM^o g&ftSife-^aHPi^jRWtt. 

§ijm, BMittmaxs, 


&£&!£ (Gap)o Hilt, 


& 


^wafsmsffl 


£+tt£ttWWft/**&l*«f9#ttTt-#lS* Cin#Gia») 

<£p3c7i)pS?A^)o 

MMt3i6»7 

(in*T/L7ffiia/£Ma&fi*sft—7a». m 
#SMS*^g#gaiS@w^wa»w*®wa#). (itn^Ai 

S&4 5 ) ^A)Wl*l 

^NMWISOS 

iPMtu^jKf ($pii^rrsMw^f±)o anasBi-7, 
smf+^MWtt&^tsAi&Wo 

&®j«, “i mm” wg^ttftamssw. 


Mfy£X£attl?*±WS#0gS(: “/L7*tt” Wttfl. M7 

«7*t7 “ji^mvt” wawTOWM, M#a7i*]7.K7WMo 
&VF&mviT, BPUft^iaM^f^TmAgjawttSs. 

tmh&w cmw) a$r°ia ^Rrs«ws. s^ax 

a#ffiijiRr!uwaaa^fa^aiiE. 

4?-7M#pmji&&g (iiE0^*7>) S 

^^A'tJsTfWo mwmmm^, aas#^—®it»T. tn sy^ a x 7 w a u 

aaj&w cttw) aaraasM. 

eMTHM-ftSMWiit. saw “7&r 

“fgj#” (ft^T&RRraitiaM&WMtt*) ®i. a<n®a, a 

“ajfwa". Mtf^FWM^/ttt 
7±&t#«TWg^jtMip#>i±o to^js^fia^ii^-^w^WNa. bpw#$w* 
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PWJltt cfpc “MKlSS^iWKlWtt’’) 


-/v. 

J I K2=t H -*liil 

^fWoIsgo &<UiSiJ£, “W$tP6” 

Zty o 

.«, mi-M±^&m-\-mi%r<mmn&ft., s^Aing$±fe£fflH#AAMWo 

mm, £i+#*M (im) Atfm 

MMA«£*ME®Jo ^J$p, ££|B]g&&+, *tA»fg (nJW^i;T;.t— 

MiiMSUM, &mMA££7-*iliii#. MA§S02MIE 

m° %m, mm>k\hmf%i, -#-$& 

Ifedj, 

£fe^t£«Tk ( ifl'fftTPII Lower-Bounds ) 

filftii “AftM” <in*ig£M p-vs-np fp]k) 

a*^o m, mm, AfmMTf'jffls^nm 

ipa^isaiscWTh# (^wirjstg^wje^^aiw). E*h. Arm+iisfMi4«Ji 
'frfrffi, A<n3IA#ffiffl7ifr£W1ir£Mfe*. £mr§+t!li£i!H7, 


/%v\ O 


1.1.2 




A i] A-£•-$&•);& A o 
Avi Wigderson ( 1996 ) 


flc»T±TJtMany. ffiffifflflB#a±SWJBWj£jS(. 


AMAffi. il'ff 

'^mMimm^ifmmm, cmmsija 

£OT), J£jtA« (it^A^r). —Affi. (fi&Mte+ttfflM) ±^lftit#*3IMA 


#1R«1S^*15+i-rifeW**^3R: **Wam5r£3MitJS»«l. E-Affi. 

—MftftJi+IMiM (fci|slfia*ife4'M1#«) &A]&ASMfeSi6A&#AfeM3IAM 

ft. *£±- jE*niW]fc2E 1.2.3 Anfllltt, Aff]-fiias#1»^fl«lTHr«ia (^£Mffli+ 
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il-UMAtt. 


It^ttatfeW;^—'t'lill^fffiJik^ifE^liFr (AsymptoticAnalysis) WA£fe« R'ffcMltf. 

«FKc&wft^tt^f^»»A4sc«wa», 


jtfc^K, jEnaiftta, m r is] ® a ® a a i( o mbn, i\. 

WrafiMfe*. #lM ffl iM K. ffi&Srag&tt'f. H#JS#in&isJf 

AIM Wit (ft. 

#ij£p, SmW$- 


—7W Sife. IIWaifcR ^ 

m "jmw'M i'r] is a n j£ ® jsm *&&£ wi w Aitovs. 


zs: 


s?tt 


2fe. 

tK 


M 

W£ 1 H 8 tT. 

AWIEWIJISo jfi-^il, Wfl'Sfflft# 3 £tt$f|S|JB. E Ma.it W IF'AFI U (qflfifeJtfe«K 
#M'>Bi^iik) teR^S *£# »« #PS I* Wit J¥ m Htt. 

*TW 3 fiEth*riFft*Rri 6 W i+ir. 

li&WWiii (in—f+fl;$W^& 1 §F 7 ) sasl^f 

#*£ * w a K'j, m * jnz^aift . 

1.1.3 

A 4 $Mitfc^*aitJ¥*Maito 10 #*p 7 bew^^^hs, 

USMtffl. MW lOtl^Wft-CfrtS, Wsfc+H&Tffi^ir* 

1.1.3.1 

MJMUiift, ATS^MT 1 

MRMMMaitW—tfii^WTW. S»J 
ii^PiR^MW. «MM*. FIRlMA 

Silk. i£#& 3 l###^ 7 >:t®W:£M m 1.1), JMRmft*iS@ai!f2fe 

wmnm* sm. 

®\.\mw, 3$, S 6 t, &10*) -ta «f—^ ntutaaiii^w^ 

mmm g d. e w«w^rt#> 10 

rrMMsniHo (mm b, c mm d. e mu ^^&^j 

®mnrm (\.\i. 2 ^mftmi&mmAmmv +waft). 
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I l $ 'j|,Yttf«irSH9liK 



ffl u mm (&«&*> 

m&mm, fs**{5u?«5*5;trs]iit. i§ih7'MJM^ 

1 . 1 . 3.2 

Wmm**fi»^l)!lrtlF<#J!. ii—»#±£ffifa«)(ip*n/j£^>lkAa. JtiXMTO 

1.2 5: «#*!«. 

JS WXJffeWJS. ^ ^, *5a^ T iMT W#-S[tt«a (Jp^ , Boolean 

Circuits) 

S£2^ : P, NPfB NP-3t£tto 

«^*S P-vs-NP ftHM8^^5Ufc|!!|j£^5$. NP-5u£Mi6o lit 

£h i£^*S7 (£i$liWlW)) !0£lM—tttefe, #9J5WTSIa^tt. **fcttfe7NP 

*ffi#NP-££t&*«^PWfa«to#:fctt, *ttat?fn|Jl. coNP#§l2l&jMf|5|* 

3M: P^NPWff. 


|'h] (P/poly) W.&^Jjili£R\t'l'Hj/g£g (Polynomial-time Hierarchy, 
PH)<, ($n££j5C P/poly Itt, Mffl “& 

S£i$£M#Ur). 80s MBJT P/poly+. JAM PH (BP 

r 2 )o 

I4f: 

etimsm. swjsitMfflsiist^ai(c ap 


7 























iiWU&ft 


Theorems)° 

ik&IS&S!] (5E|fej) N£=coN£ ffriiEBJ3, 

:A/I-5t£fP PSP-ACE-^^M 

let: ttffl.ttjftti'ft. 

2|E#±lli^ife«'fl , lffi#lWg3Sfttl«S (.ia 3TT, RT f D ZTT) ttRimm#R 0 X%<£ 

ife-fe® RTTcT /poly *P B??c r 2 , 3 c£ 6P$*R|P5£ (Permanent) fl<J#P-^£tt, 

tirm+mm npM mwmt}, w r ^NPHAWB-BWisiawi® 


uuia^j 




p*jvpffl^M3»ag. »-f#8ji«>t'#«-iNa, (#- 

a&W) *«« 

“\s*m±” *s&, •z^vmx&mmvc^n rtt^ tm't&mm&m 

ffl) atfi^MF/LifiiflUfcWlA. 

I8f: ft|gt«.»#£#. 

<is*rf£ 

PPP fl§ilffi#UfcM£±#, nJKS5lal^PS 

If 9^: 


—:£ 5 i£ iE 0fj (Interactive Proofs), # £n iR ilE 
(Zero-knowledge Proofs) ^flJft^PTt&9&iiE , #J (Probabilistic Checkable Proofs).. ifeSc^nife'&IS 
JP = TSRACT, NP-illtt#ftliRffi0jm& PCP £1. Xt^JS^HffiS^HaTWf+B 

$ntfl^HiSE9i:2T8;. 

Bio M: 


(M'l^^nk. *ai#a) nm^m* # 

»* A: »ttBfCA. 


RH*B: #^cTPIo 


£-*»#£*»£&£ (CircuitComplexity), »if-JHn|SM (SRW) te!& 

MfUTPfto 5 &~ (Proof Complexity), [=l^)£f¥.a ;: |5jiIE t !£lfKj 

MTI, 

»*C: 


9 an mw®, &%, 

URm®M%'mHx . 
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11 V 'JI,’?«li<ift»liR 


tbfli A4^5£lAAtOi£A^-). BtryS-loMfelS Hash llifM^JjalAAf'J^Bp^AIS (Leftover 
Hashing Lemma) (HPBMlttUlllRlS) WTSS 

-^&£no 

ME: Bttftttii. 

AM4'4M8 7'fti£i4i£ 

(Hadamard) PJ> Reed-Solomon 54 n Reed-Muller 54 AAJIW)4i’l&54 ; ^40'^$Si['HiiAl'S§r^lftAye 

(LTC 54) AA-^lJ^# 

miikfrtBTtmfeXRVSiffi' mftmmmm Margulis-Cabber-galil 
14lii:(AA Zig-Zag ^Jja,, 

MF: 

am4 j 4*s-mb4i, gMejm^LAMKi 

tTLW Karp-fi^l# TtfmmUT, IRR IT (f ) £ JAM (0(f)) cJAM (f ). 

MG: -®it*|Pll§o 

®^b*S70ifc#rv£> 

tu 1. 1 . 4.4 (Mi4i£§y7 am). am 

am#, m 

iTs+JiPJ, 

>414: (Circuit Complexity, JAl#%3t&£[46, 236]) flluEBflM^ti (Proof Complexity, jAL#%3t 

i^[27]), 4mb 4>(4&^fti?w/mA° 

ft&7>AfIJ74UAJ/£« (JE#%3ti$[237]A 4trit# (£#%4ltt[141]), l«I 
ffS^/5(jAL##4i«[148])oS3aArorafll Barak [l41 ^^|^-^g[M4 ) ^^7±^WP 1 9^o 

Sis, MiAAWWA5tf^MAM&ttftlA, S^A£3&AAiMsJ&-6, 

444 AiH^ (Distributed Computing) (l7| fOif J?^ >J 21 i£ C Computational Learning Theory) fl42J o 

1.1.4 


if Atm A, ffiji#i£Av£4n3j#U'J 

AMS'JK, 't:fnR^A7iaiT‘Aqit” AfHSMiAA, 4 

ft%mi\Rrt±.&M&, SA2A^f4^l'i]#4#AMESiJ, AAftAWyfAA^AxA 
MsAfflAo 44flAA'DM£A^ (WMA). MMAMMSI 3 , *43M£IBM£i2 
$* (M#2A)o AAiAA. X4#4^IftMW, AltAM 

AHiliATiAAAA AM A iff A yi, LA M A r l 1 f7 M 7j S *» i-?PimAT 
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ii -mukft. 


£ 1.1.2 Hr), 

Hilt, WJM, 

dfifllM) i#i£°- hkW%% t— 

iR. ffcdiAA, Sii#M#£A*P^i£ittIcA, nTLAM^#M^#^*o -*5lfc«a? 

“jEflSW” &X #3Mi$ (4lit 

^£#1) “iHfift” 0<j*£i£. At?S^f^±IE^MTS#®^ = 

1.1.4.1 — flSHPJ 

Sic, sfcUWgj&fiflEifeo 4JiSSJ8&— -ttfM, [RAAfflA&ASHfaS 

mat, »»ii«fniawa®i±. 

MA&, Silt. 

#jgittit#fnus. mtmmtinmin , 

#*#+. “^fnijs" (SPNP-^jgis) *itt&£ 

1.1.4.2 A-TitHcffl^ 

WWS^^^nJiA 

s&ttJB$ii£fStttiL4» 

(in 2.1.5 ho. miaa 

iiw, «p»j*^ii®aaw “tm” (Mgw^flfi) ^s^f»]iw 

A&Rto 

cmmm) MiiAr^o 

Tcm (JaL£A 2.3), «±, ^iiHSRiaw 

JfcjSLtt JVP WtSJt^JSC (*AM£M#U§) £*&»£&—», 

W ?C^Att'4ftAtMMI««ino MS 

tiUEJUfcffl :PC3SM±i£S&#l. (*£±, JttT p-vs-np jnJH, W-ftiSM&AM^IAM 


® «*ia:#**w«#wm-fi*J!a. -#»»*^T«»iisS>ftt«ife««5:rt?¥*®M.8*±jStttttiiAiBWfr^«},'r. itssm 
mm\ a. <tw. a--*Ms t iSSf!Mss+t]tbiiii^ii=^w^ 

Wffi= xtf* 1i<ri»#ttilfc. *Rrti', (in^Pia#?). fb'<fc«Hfc£l^J:fi&-'M#$fifj 

itJTNHtfi*. r*Hvb» b^l^W-^fplJS. $M. &*^4>JftStWfffW«« F. ffli±*l:mitt®®^&*S. sj(SlS®.* 
* <i SI W ll| $ RS ± is It ffi JS fo] S S fr S X. 
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$ I 


iV. 

w 


■JI.Y&tfftlaiW 


m&itnmmmim 

i£HK£Mf*fc£A#JlR7*®A#toTt-£8IS; 

MW, «im^§ “-a-s&r 

BP^M±i7t : , TOi4ifcWMj§«4£M 

±i£M7ft#*404M 

&tt, te#24#£P4gMfe. MM, XteftBWg&tt, 0to&&9im& 

mnm wsra >, 

(ja i.2.3.4 to. m%±, 

1.1.4.3 

MiqA^^MIftlWaiTO. #»J±tfe, *43#77AM^lttra, M£K*5fcP@0JA&,SiU 

“MMT”). £**1*»T, K^miEWSItt. ifrfRmgfr 

^734 J ^A^^ifeW^7iiEB^. *®1#*TK^lti7iiEW®ffiaEffil0«5, M7U 

(&Wim4$7-M^Mao. ^^-^*^^^7^ pcp 

(aE-JI 9.16) iTlill:tyjo 

timifiik' — *rt£0MM£$S# c t , M rt§, &W^“JEflS" 

M^AAfe, M^bT^jS^#M(*i#o Slit, *A4S7nJM75iJ-^S “^§£” W^vt. 

1.1.4.4 

MT-'AlAl# (^itS7>£^^WJI^)o 

*-1i**S7M,R MMA447i4A7 (oTit#14|PM^tfeSi&M) gl3iffi*£gRflF2t£7F& 

W£H. MM, i&#tt«#iKF3fe-t&if| : £W0T£&$ (#M$Blit), ^Mf£A*4£Mai£MM 

£M«Sit£ni,R. Mfflft, mt7R®M«7 (in 1.2 7M 2 it) 6<Jii#Ms, 

fgia^Mirj&^WM^A^sisiPw^jik#*, ajudjessHW. wiit, h% 2 ^ontt, 
B£«to3EiB2r5&KFie^ik«;. 

Mnuf^, A 7fi<SOits.7tfe M itfft M m Affi'7A?£, MM7Si£/I?Ai'ftA'/A (MT 
su*> ($H®^as«ii). ®i.i.3 ua— 7 #7^7^itm. 

Aj7m'J##3t«^J^S<J'fe®, M^BS7i7^4i^fi<Ji^o ±£5RfflM&J5ftlS]&3l 


® 7.1 1Wia-*Mi». «fflttiSUS:*a!Ht».ife8l«i'p^l4^Hf«»W*«lirt#. h, HfW#4ft«!**J|j5l;tt«ife*4«gi 
*lWlat«J, fU/i (M.gMkflHfcfeffi) "Iflg^iR^ii#. 
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i£fti5Rl. til#3lffliP®^AKlflifc3:o 

lAW^^A® (iAiPf^#£7ffr£) Wfiiibo -^IfMT. 

7 ffl £#«itK Itt 31 ffl * 

i$$#o 

1.1.4.5 ®il§& 

Mw^A±. i mw&. ££4smi*-8p#. mm^&^mwKTm&mwm., 

^^ixixfi-^yikAiWHirmrt^o mlit, 

ia, umtfzxku, a#Miie#^iBMtB^jiT (##s->m*&. BPnm5#&#ifcA«[ 

**sm»tensa*#ww*^i6). 

M§m A-PM7ls|§llM^im#7ls]^MWii#o I#Ig, \.2^mm2M± 
«B*JiR- l&71S^S5fli£Pi.R, Mir»Wap^afiS^#<t@7M^W^jlk»iiR. 

1.1.4.6 ^^a#lfl9MMl0ittM 

w%mm *rA^m wmrm-& *±w*am w nwjms a& . *&± , 

ftttttWrt#. *£Ji^£f:ii7&A*li7f, iP#77*®K^Ao Bitfc, 

1.1.5 

muffin 

fcmmi&tm- 

*me»a», w*tAM/,g:N->N, «#&•£££ oo, 

'f^f^M'fE^ n € N , W/(«) ^ c-g(«) (sE f (n)^ c ■ g[n) ), Kllifif^ / = 0(g) (g£/ = /2(g) )» 

ififitJflflF^ “poly” m f(n) = po\y(n)m^ 

f#X\HI* aS n e N , W /(«) ^ /?(«) ”» Ifell'l 17ffl/ = O(g) /(«) = poly(log«)-g(«) , 

/ = o(g) (^ / = ®(g)) c > 0 WMI^iAW «, W/(/»)<c-g(/») (3t 

/(/?)>C g(«) )o 

RAfftH 


ifi#fMn£&*&jR*EraH, io g2 /3 


H — SK 
AE 




jfcM 
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■?, 1 V 'JI.YMfSirfrfcliU 


b&i Lio g2 «jo mm, an i n =m m ), «]<*&-£*** 

nTIbiSi: (2" = 3 m )o t£#rW1i#i!.T, (#£biIS 

* 1$ ^ & #S ft IS # & & »&). 

##*!&-£■ 5, ffl 2 s s m%k (BP 2 s ={S':S'cS} ). *t^g$$UeN, feX 

def _ _ _ 

[«] = {i,2,-,«}o (Sian &#wgie^G=(F,£), 

tt-’t 1 V (Vertices) Hk'n, E sii (Edges) M'a, — 

WWftS (Directed Graphs) + 

3EHH4 (HP^IBfM). 

W (iSilMflPFA *-nPft^G.1 

|p! g£ . 

#JR3« 

($PA3>), 5 

*h (£n np BE^&3sN®4fr£ 

^^J^N®)* (Typewriter) ifoffl$4 

W¥ (Italic) $t j^—JRHHSWft. 



it 





ttTrtit, •& tt) it it- -& i£ A: A 4* & f: - 


4a4.it 4 & M^^-To 


W^aiSIi**^^S»5hJlf«Wfli4fr»iR. &§£. #ftig*¥ 

4H]5fc3IAi+3lft& (aEfilfi) MififflUSS: 

&#'J[ft}ni$ (*—TcffJU), (Bp^lffPifehtl^J^)o ^jTIM 

Jg#W)SJSL+^Xi!I3EK^iftRrSBW^J («|-^*WRW 

Xf*). ® 

**«&. =pm*ms, mi&mmrmmimmm: -m± 

t£l§'I4._h ( (ft,A>it iHj 3&l'f\l£?• /A )o 'Ttib'Hiix.> 41-—SStlii^IjS ($P Yp/j( r|3|$, Boolean Circuits) 

1.2.1 H-i.2.3 

ffr^lWlo #»JJi, »iJ17iaffi#L#0«J«:£ (1.2.3.3 1 ?), *W7**ifJfi5M5SBtfS]JH£;£ 


® iMr^W^AWtt«fttT-Sg«#i8*W^ttum(»!j-A-fW, sw. ^fl5^® ll'ft ! Jji#^rIft^ift{!r.#arflg#itlife i 3IAtt^ c ML 

1.2.3.4 W*t Kolmogorov IJftttMfcHfc). 
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(1.2.3.4 i?), (Oracle Machines) (1.2.3.5 tf)« 

Kolmogorov Complexity if 4 3 'i‘ff'^'i& J 7lfflo TfiJ 1.2.4 If ft 

1.2.5 Ur+XsT—MiSiftt^WWife). Sitb» 1.2.1 tf~ 1.2.3 Ur (WS 1.2.5 If) M 
4 L l’ftlii^4S^'^& < ]S'(fHi^vR. M 1.2.4 If RiJ^Siftyij. 

25%, Wi+#&£ 

(*>P, NP«ANP-jfe£tt) , 


1.2.1 H&ifrit 


M, 4Eit#a^4>, S^jitkTO^mWia^^S^S^o M.*#*jSC± 

itt, it#, 

*^±, ttff—Mi+ITltJte 

itspin-# a mmm n r “%mw 
us#* “ii^t”) jjg&m&ttmmtt*. mmp^mRm%., n. *£-> mu&m 

$: WWPR—7C^^MWR*r». (String)« tt^fg&lfc/i, ffl{0,l}”^t/f 

it# (fc) £to 0rW$M*&TBffc{<U}’. BP {0,l}* =U neN {0,1}”» 
)ttT x e {0,1} , Stll^SC BP jc e {0,l} |r '), WH /'Mt^C BPA-=xijr 2 "-x w )o 

tt x,y e {0,1} , xy x ^ y £ft£5$£o 

WB>min^{o,i}*x{o,i}*^^^{o,i}*, c bp#-## 

?|J (x„* 2 , •••,* m ,>>,,j> 2 ,•••, 3 'J e {0,1}* X {0,1}* $ *,* 2 ••■;c m 0 l 7 1 .y 2 —y„ e{0,l}’ )<> 

(Hfc-fesamg-fcsw) niitt. 

at, imnR{) c bp a m t^) 

aSK*”)» 

IS: i&MantHi, sjaij, 

tit^;J*, 2 ', jftMJfe, (gp/>„.i=D„ 

^/—)?tg^lS. TtjrNHWW^AflTIg&^jR, jlkHt, 

(BPAe{0,l}*S.|A| = 0), . WBti$ffl— 
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»>■- 

V 


■s i 




>i nit 'A til iU 


{ 0,1 yt (Etj***&!*£ w> ft« 


1 . 2.2 

m&SffilJSMifcW. 

1.2.2.1 SSRNJB 

jamm wn. mamniSo 

®# B n p^)= jit^h. MipiM^AAinam^aMW 

MI&&), HjfeWifei¥«liasRfRl«WRrSgttafi^ftt#-&*^»AWSI&. 

m&#'M “mm” 


o 


def 


1.1 i£/?c{0,l}‘ x{0,l}’, /?(*) = {^:(x,^)e Z?} x (ft: 

#0|5[/: {0,1}* —> {0,1}* U{-L} /?» x: #P^ Z?(x) * ^ , Mf(x) e )?(*), i5 

M, /(x)=-L o 

£±, R = j(x,j>)e {0,l}* x{0,l}* :ye Z?(jc)J , ffiRINMi 9ft 

' mt&fex, »Ub^eJ!(*))o Eft, (BP in* 

R(x)*0, PJlJ/(jc)e R(x ). -??mil, &P ^R(x) = <j>, j3(| f(x) =_L ), 

SP'J 1^ , (1' I J^Y-f'M (#t Bf W Rltb&\lAfT:M x, 

|*(*)|=i. jikBt, /? a&*m> m, M»j?w««NH*i5ic#Tnra«[if 




def 


(SR**/?#®) JgJfcfc *'(*) = * £.B(5t3*(x) = .y). AMM 

12.2:2 

n £n mnm a^$ m&smmm& w ■ m 

ammm. i£5tffl^KWM$£s^), tmmtfimfmfeo 
-tsg#i^iM«i^i?ji^. Bp^j-ftic-Tc^m/?c{o,i}*x{o,i}*, 

{jc:/?(jc>^^} o »±, (&&x i.n. - 

%&■{]-), swT^jK^Musw^jsc^, », mmm'fk%\n 

M~~- 't'E&ifc. (Boolean) 

%.5L 1.2 <M£iJ£l«M) SSc{0,l}’, &a»/:{0,l}*^{0,l}jKsW^£fp|H cm 

/(x) = l MlX^xeS . 

ja##sw^ijfeNja^ j^.M^sffl^ffia»<BPisjR^:{o,i}*->{o,i}, * s = i 
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i i u u im. 


^ftlX^xeS) ftit: S/l&MMfS /? f n, £«#M/':{0,1}’->{0,1}, 

f(x) = 1 3ft{X^ f(x) *± , mu fn&LM {*: x(x)* 0} to£J£N 




A£ AiA. MM fctjBJ^PUMMi$: *MWIt< 5 iJi. 

1.2.2.3 JpCigNM ( —) 




# £ *$ ^ i«i h # n %. r«i is ffl rt a m i ^ m'\ m r«i m a © a $? #, * ts ra * m & mi 


7H 


sitrxj±. iwn&i&TS'hras. 2.4.1 w^n^niy. a 
aRtfftjl, £—*&M1#«"F. MJ5&P&&NS cmi 


1.2.3 -attsauira) 


Laci Lovasz (4M& Silvio Micali, 1990) 


i+JWfMffA&gifclgo ft# &&&ft-f il -fi ©*KMW—M, iPM.&tft±Affm*Tt-##lliB 

AfeMwatrE#. smtfluejsc^fwm’ifeWiHms, ap mmmt 

JWWRrffiWiHrilSa*—(WA<XiX)iM^i+jm*i). 

i.2.3.1 

ftfrl5fc£dJ-^fflfflttffl*J®J£. 0W£ffiS&3J»JffWA^8tfng 

aswas. «±, AA^aMi+imaASA («i, 

w “M47gp^” 


(A) Mft, ffi 

A*JSE (Active Zone). ^nm’WXttfc—T5fel&Wlf W«»E AAfeM^ 

MftM. ft .§; ill bifSM'/X ft III ^ PUJ Hi A A ft a ft A I® fPj B m , immmzja, 

%%%%« &mz, a^xuii 


mrffint^7, “am” s^uii, itstt. 



■JI.YJKflKMaiiK 


MW'Jo 

wffls*s. ®jit. im. 

aMAM£i+3¥i2g (flJtJffe) <;*:W3HS*B) 

%, cm-yn-^mnmn) 3tM*tn$*a«i. mi 

as^^^nrggw«rA *, ^mmnw 
mmmnmmKxi&mm&y. mitt:, -7 a mm <.mwm m%7- 

t (Et3^it#w> mm-. 

(bpb?**^). cap 

(#$*&> iftimsm&jt (Time 

Complexity)„ (f'tiKlHit tf tlTffilAM #! A ft) > ffi KWVM.ifc^ lSTiTf+fflU A 

Zjjr&mfextt-n urmnmmmMm, mm^anmm, 

fflTOT^+W-^jEPl'm^^^Ao S # li M A m M A IT 1' it n #1 (pc#L AM*/U£it 

ittlrtlfU AtA (Turing Machines) (1.2.3.2 i j ) 0 

w jit, tma % * mm w m m#i ( w& m h* m m * *s & m k ta w nt ih] m^^) 

Pg|:|JHJS.“A 

±&fchfc+i®ja*7, iipjwirffi (EPitnwia^) #£*inra»M3ra. ^#it, 

SASlfeA :{0,l} —> {0,1} , f A (x) = y, ^Pj^tit^M A *, A $hu {db5 y TrWTi, Mffi A Ife 

it nmmf A . m. um^m- “isif»]i” m “i^nmm n (MA u «a 1 . 2 ). 
mMW-tkA mr (sJmsiSMmty®), fjm r <.^mn 

Alia ^ BPffl /*(*) AW /,(*). AT® 

fttrffiMttifcfcHSiPT* 

^A 1.3 (/IJTAftf MUffrlSti) t] a(x) A X'tA $15 A x fKif^tti, WAMW.1& 

IrIH* (flR^JSNHJ), MftAMP<M m&R (s£S). 

1.2.3 *tt«!*rt$g£ 

1 2 . 3.2 

#fIM, A4? l tA^3i>F l -j#^-t<®^TiiTliMMa3tro 1.2.3.3 =fr& 1.2.3.4 W^STitiS 

1 .2.3.5 

TJ+^ATit^w^fB] (a$i'b]) (^»j 

JAI 1.2.3.6 73 A 1.2.3.7 tDo 

1.2.3.2 —fMW$«SI: Sg#l 


7e «-aS<I”(BP?i^fiMSiJp<]^^#, ^RTffl7^rit*®®#-Th^tt#)BPHr 
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ivmi&tt. 


tmmi&m&it, %i#±, ^sm. 

nsywjjfwgrife^^“-^ir mki^xu^tio 

^Jtflltt (sKR&M) fJIM, M3; 

siMfjifiM&^f^T, t&mmmmjvfz 

#&x*ntmtimm* ®*&±, #t±fex^i\- 

mum®. 

w^®wii#nj ba #%**»= wtmis (&#%£ 
a»[208]) x&mmzmm . mtz-T. ft^mnsa^wuBWif: 


£\ #IS (sJo+ITM) 


fe ^a. h 


n 




wpi^r^ioj} 4 ] W-^tc^)o hk^-Ttmmm&vims, 

(IS 1.2). 9)>}\, (£W 

Riie+w—^7c*). (Tape), $t#MSfirft*&rtaii 

^llu ES (Instantaneous Configuration). 



5 

3 

2 

2 

2 

3 

1 

0 

— 

— 

— 

— 

- 

- 

— 

— 


• • • 



5 

3 

2 

2 

2 

3 

3 

0 

— 

- 

— 

- 

— 

- 

— 

— 


• • • 


1.2 fflRtfieft -#?is; 


® .it 


7E 
a 


f ^ 


mpsmm (HP-^ifaft) to, 

M*r. a^a»^rxeiijz’xex{-i,o,+i}±w 


&+{-i,o f +i}j&^w.stofif* m“Uw^&”)o %*> h, 


® «ir. * “iiea»" wttstsgjuBS. j-m**mpimiwt9m <ifntt»F—ta-nt wft«-#iifi#is»£8*tia 
sstw-a-j*). m«mm-m“»n\-mr mw}%x. 

© flret»#**>s 4 nffl 1.2 t-AiiS: sn^isaaisMffw***^, swu.^eawni. 
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Siv 'JI.YttfliftfeliU 


M-fccM^PSW ( J ERnUttEMMfe#f££ 

&, fclgjgra^H*. (“£&”“# 

*(<t',^,z>), j®iw.*^nr#fiM^7c f t , wrtMa*ff'. d $ 

^j-^h^TUo BR 1.2 *^ 70 ^* 0 . W-^iEIT. ! 5 tir 4 K&fc “ft”. 

*“7n^<7, #ffi^affl<r + 2ftg, #ft#&#)-*&. ® 

•Jic, / ll']^5t , f-k±fe^J^./S^Icifi@^ (Successive Configuration Function) ^jS^.ULisff ^ 

at. ^^fjKeHjfc#5ij^*@eaw®ito $n±0r&, Matm^SMawseg^M. 

BP^^RW-^fiS^TnWft^tttta (BPiaM^Bgftg£fc), itfc*h #L#fi<H*j£M*4a 

(f£P£g) &*&#t«f?@£$&- > hftg (il£i£) 

ia«aa*ijttii!i 4 -m±w#fis^ 7 nwm#tb#. 

fKFitAo (4® 1.2+iBfE “-”). St&#lSft 

ia^a*ii^7u4> (^<?#iBtsa) ®Bft, 

tHWM, 

^rajwi 

£*«#&*&+. “fllSMkST £fl?±Wftg (ifn^^ “\m$M ±W&g”). 

iffl«»5ii, mw u mr n 


(Multi-tape Machines) It 

£^7?i?±3flW-7^Mg. #»***& 

a-j 5 t (ws i.2.3.5 13 ) mm\’ m^m^mr^^mmii, 
^mmm^-vt^mtjmmfmji w«it. 

*»T ft “It £■&&&") , PPMSt^MEitl/Ut#, tff-fcj 

^ it it M® M M 4M? B JMfttt# i iLtC j3.HL ( ^p ^ ^ ) 

it#o 

Jr r)— 0 ( Church-Turing Thesis ) 

&a z, h it “mm” mimmmm, gin 

timM3.tt.ffi 3Rffl0niJlM#7# 

il'4- 


® mi.2TW«i*i>. <bp “a”), mr-i o+4 imn h- o. ‘v\ #&■&&&-&. m%±. 

aa«i«itw^ "Sig* ®saw$jc mflfFfc*tR»j >. 
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il 


tf 


ffl” mifumm). iDfBRAiW^Mit 1 ^ 1 ® 

MitW-Mo Mia, fMf] J& OT £ ££ £ JJSJ& ^ it % M PI'J M 111 ft g X. £—M, i+#II 

Mi^^i^FT+#—“ W’ S&. #Js, (BP 

fflftSS 

NJ9. $W, 02r£*3SfiM > N>4&. 

P<jo Hilt, (Bpa^fpJMjffiJS^ 

M?ant)o 

^THf^-Eri^—S£- piJM» Hcitt^ (Random-Access 

Machine, RAM), —'H&iUft RAM & 

^tg^M-^M), mMTftffi# tgW. MWKWtrM, K-'t’-^MlfH+M, 

• reset (r): &WW-3& r (fifeS 0, 

• inc (r): r ifjP^#fl r Mo dec (r) r M 

M'K 

• load (r h r 2 ): r„ r 2 %ig?f^Jf^, m it M# Aig#f§ r,, M m 

• store (r,,r 2 ): n M#Al*)#*, load liff^o 

• cond-goto (r,/): r*J$#f§/^, / fgff K/f WlESfc, 

n&m^WKZfe, 1 , 

*&a, y MeacWSF#**. 

ftdaEioii^tt^WRAMflia^ffl^iW.*^-#®* (E^Twans). at 

+ in»4- add 

(r,,r 2 ) (aEmult (r,,r 2 )) RTBif|flJ«F#» r, *P r 2 (TO), ^#^#Ar,o M 

Ji^Nlh^WRAMTO*—®(H^: &itfiJ£H£ftM4 ) . 


® «f]aww^«aw«ifrft. &ft*T3IARAMmi!WBWft»7f£j£4-Wafflj>mWi+#l8)j#*;fc® <ft:*i-'HiW 
H-#«SWST). *Siffl. 'ertn^feiaiSAWitKffiiinsn^M. Hitt, iEH/l RAMtKa^Wtfftffl^tato^iS^ll ^SXo *Si«. 

RAM Wrt#4M;. WWtffi&BMtaWWTtfa.i. 

© Hilt. £^&iS|oJBMLW'iW. fe|i5)ff'tttl'DjT^±ffl#*fi < J RAM StStt'-'h RAM 

aw ram ¥. 2 c£gmJK£*4'. misMmffig. m-gto^mija-M. »£#eBta-i®, 
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A I v 'jlfYAflifiUMW 


JB# 

WMftmmw-) *f£. w 

.)= JMRTlsiSlfc&A 

wtiww. cafniA^^i+mT^MW^it-SPiuttyiF^i^aw. 0*>m£Mg*AR£ 

& pg h la & m v$ #& a a Pi it n #i m it ffl & -m % a . > 

1.2.3.3 A°Ii+WK)i 


*At5 maj mmikAizmwi t-aw 

rnrnm* 

i^ji^itiM^^^tAi-- &in a mmftmffitimmwMtviiiw m« aaa, 

MMiJ&M-AfiMmJi, #AA5A&#£A. (Well-defined) Mft&i l fP5mffl-A “A 

JIM” g^SJA^-iA (BPWM4ffiMfgJ#-. # M ffl A iA lA g M 11 Wf - A A m ). ift-A 
ilk, AAii'ITMMARMS, M11A PA LA 31A iAi M A A it W, RWtUAAm(«A 
^njitlfMo 

^il 1.4(nTit#iiii(MI$^tt) AitlTMSM^AM. MrtAAWM (AAS'JA) 

&railSA£3?£tei^A£JiMi+#&S+ffiiS&. A A f$ A A ft *fc A & # - A fl£ 
i$, HP&gSTM$Att»ffii&&*4££#£WfcM (ATlAffl—AAAM^)» 

vEW: &A$AW#wa»^*«tfiB«ftflm»*Tfjf, mm 


■%wpgA*^-i'0]#it#— b*h (m.m, —@yiA 

Affi. £tpAM (BPiC—TC^flF^Bfeltifc—Afct^MM) HA[0, l) AfftAMM 

-BMt. mm'W^mr&[0,\)^mm /:tf-*{0,l}ffl£$, AA/(/)^rM 


/ Atfcl#. ■ 

IWLfil*: •% l.2.3.1 AAMiA&tfelJx. jfcB*a*^jSttA**£A^£fcttltt#l* (i 
i£M'flxi£> M MffisEiEft (A/) e {0,1}* « ifc h : {0,1}* x {0,1}* —> {0,1} #! X.%1, 

def 

A((A/),x) = l31fta A/XtlfrA * f*#U BlTgi&ettTSS 1.4, £t*t 
£11.5 (ffflllP^MAiAWJStft) ffl/LM&AHltt 


A 


X rT 


AiA “AoIAiJA” (AISA. fflJ&M*Js£iqg*&ffl-A#fc#m. £i 1.5 ITs, A 
b AA i (i) = {((A/)^):/7((A/),x) = i}fflAKM^J5AN^AMil^vAi#^ (BPA#£&#M 

&. S&-3^—5C5f«Af>.x), AP*A, iAFMffi0AMA»& 

^^(M)lftl^Jir A/JS : g5^«irA(A/)f?4a. 

SEU: mnmwm, RP&& h Pg^fiJK “M Mm ” (Diagonal) ± (BPS ft 

def 

d((M)) = h((M),(M))), ^(gg&^Rrii?. &*f!i </((*/)) frMHA^Ag 

iiii^o &mm& u mw” (a&mia&m). ap±. mi 

*«lW<SS[&Rrg“E«”: AixijH'/A. ffl-Aft&flm» 





i I-«;«>*«: 


i'tifct/ftjift. 

Jt^nrit^, BP 5ft ffi it f/l 3* A/, 7((A/)) Wit 7 [r] 7 1 A*((M)) . 0 

def 

</ , :{0,l}*->{0,l}3£jSCArf'((A/)) = 1^5.ttS A/5im&A(A/)f?#l, 0 

rf'((w)) = 0W, b£# Af*mtA(M)!■£#$&+o), lift, fl*&* 

#1®, iS^ M, , hmi+IMA &®fijA/,Jttft®ltAt|Sft#l. a»iAt^}S(^.}, 




Wi/^iA^)^. £«/'W£jsc, j'((M d ,))=i^j.{x^A/ rf ,^A(M d .)^m-aiJ 

1+4 0 (BP^^afX^ M d \{M d .)) = Q)o Hlfc, M d \{M d .))*cl'{{M d .)), H M d . E&i+H d' MISS 

ff . 

TffiffiBJ rfS^RTiUfM. M.M h 7hTi+^ (SMftlz- d(z) = h(z,z) ). *7M 

^7nTi+#, JMrf'feWJf (figilfrf’Enlt#- Alfff bTW 

^i%gg# + d A7Ti+#)o UifflJxilvi, fiS 4 ^ji+# </ (BP*tffi®#l» A/, W 

A((M)) = d((M)) )« d' (&!¥?£: ^r^^A(M') . 5ft7'$iniA (AT) /i, 

&+ A/'WiPT^iitrs 

(1) A x, M" fHIS M' x P^^'f+o 

(2) tBj£M'Xt|&Ajef?ftJj®fcH 0, WJM'i&fttil. 

(3) ^M'^iAxfWftfli^O, imjATitA^IW* (7iftJl)o 

(4) (gPM'^iAx^). M'wm (0*>'&£jtcaf?@£&—2£). 

&j£fij* (AT) fiJ(AT) (Mfa M' 

A^PIMW^BPoT), R^d((M’)) = d'((M'))f&iL, (# 

#&: ) 5t* * Oo ^mrmu-^imd'mn& ^m{M') mm 

JtSl.SiEftitlf-^NJaWira (BP^$M'&jJ£&), 

<BP#» d (s£ A» SfeELh, 

“mi” »-A£i7 7 css®&m) wfgif- # a &-&#■# 

R'&fee (Turing-reduction, ACJSL 1.2.3.6 tOo Sltfc. 

a/WEa^ja^r “i«W” (“««W") s-jsui: Mi&£-^it#/&<jjra&t. Rmfun+ir 
/'Ittim. M. 1.5 Mil93 4*. ^fflT * , *g&M”(*iB«M") £pH (fi 

an *#£tnr/ , =</ , Mjr&, w!Hb^#*THf/=rfW#ft cmmm^)o jsmmm 

*£»KH»S!a “Sfa” 

( Rice’s Theorem ) 

(§&*»«/m*rt i+#tt) a 

^mm%L&: $pm-7# 5 FTLW^j^fp]is^Et]-7'^^®^iaBTi+^p<jait5[^A. mmn 

WTmss^s, mmmx 
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»V- 

9 


j| ri Ai fli ft fei»« 


1.6 (iigl) %t ^AWIT; 


CD 






, &&$ffi&7f1ki\-& J + S»M0rW#l*. Mys,+J«£M£JMS«W* 

o 

nvm&hkdH i.6. 

am, hia>&%A4$m±b^aAo mmmfem 1.5 m m l.e^i^sim+JiifiM* 

fe&*fcfc*¥#£ftMftA0m»48J£>. m&t, Mi.6»3-jsui: 

ffcM»AaW#l. fi&, 

( Post-Correspondence Problem ) 

mmk%, mm&& nwm, n 

«inTM»»r«FWJ®fnlffi, %m\MiW)- / t'¥ftl¥m, (a„a 2 ,-,«*)# \(ft,&,■■■,A), M?? 

^T#^ji„/ 2 ,-,// e{i,2,-%*} - «„ •••«,, =/?,, •••/?,,. 

PBWo) ® 

M1.7 

%*'$Rmhkd (gRA) S««NJSWHMJI3^. ® 

1 . 2 . 3.4 

i£^3ut, MJffflTg# 

(EMl.5toffiD3). £SSM3a-#±tfc, ffxiS: 
#l«M#8ifc dEi^ y HIM4 l ) £WT*jaL±£ “W#” M: #£—^M¥te, ££*^#14* (aJt 

sififflw, Ej£*f—HMifrS). 

Ai mm Mamm. 

^J5L 1.8 (fflfflfll) lnfAtn.31 M fKjySj&JS. x, %r M 

IfeffltSift. #£JSCA((M),x)±G^#®&k, 

ltt0 i l'WM((A/),x) = A/(x) iSSlp BP m((A/),x) = M(x) A x W%1> i5 

M «/ 4 {(m),x) Ji^c'MXo i±S: A^^l'A^/fWpTnbW^)ASPfftH. |iJtt((w),x)^ftM 

£jfc3S«, ^ai-A» <$niiffl#i) M. mm# 


AflxS. «^#t» (sJcvt- 


® &-&sfo%i umwn.T-%:' bn&s&uss uaK^M. a*s. to* r«, 

rii—1~ “+/i” a^»ffiR«iiiiiffli>v:ft!j@sttt#. 

® mm\&mwhfo$im{(M),x)&%%mm{(a u a 2 , -.aj.^.A.-.A))- ttsp.fl «,»a iiuas^. 

AT. 
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un-urn. 


1.9 wrt. s-p^m« ffis, ^mmm « 

atajeW^Wir. BP3S#4ffiftfcj£#Ea»«, 4« W^J8CW«iA±-^«JS—aw, K'Jm 

'Foji+ffo ® 

fEW: ^—-Mtf((A/),x), RSBJgJSltflS Mffl&Ax £KjtH¥. 

HI* (ftMtt**) T—'HttSflMES. in 

(T&, 5tf^fcA((A/),x), imillH|A/(*)), ^{flij, m 

sistiWtA^.^fii. Hitt, amm 
(BPtffiJTit^ u MJTft). ■ 


KAIlu- A 


fflSRtfl (sSc#M£) 5felfeife. ffP^NHW. 

(mm^aw^) vu#&. mmtiiMft&n 
/am. Rfsmn 

(mm) bppj. milt. 

iiio &§;a, mmmft&mmTmmvx (Bn#*) mu 

*$liAo 


i^7$fflf/r{i. iifflm (&&&&'> mm±rt*smitnmmm-\- 


if ik-l 


Tjsri: 


MvfctkW 


mu, &$mwisfe, (spiinm). *###& 

mm^m 1.7 mm, bp^^a 

j¥nm'\%m%.&f%. («u*0£<t> m. post*f&iniBte£*iin»M. w 

WITMiA A S<J-AK&ffl o 

( Kolmogorov Complexity ) 

m, cw#) «^hsw-kj®, # 

“IM”, tt&%. “fgf#.” tM* (slcM) (iiRft¥#) 


0SW “®W” (BP^-^@£fKjflM1r. 

ttfl&ft). lP*A/(x) = j. Jl!l$xft*s*T A/WflSii. sAf A/Wi 

i mK M (s)o M$. i'AM^'F 

$SI^FMWI, £ISteSttJaifc*£ “MM” 'MlSM , to«H£ 

AA “#%£” (B[J±i£ift A/). 

£3 1.10 i& t/ *M*Jl. WJXtftjfti&L* A/', #£—>Mif» c it 


® S^rrWJiBiiHWtfJ. %#.Me6»« W»*A-: u «F»fH-m«li^x (BU!m* « ft ((AT),*) t 

. dcf def 

J55E^. W«((A/),jc)= X. IfWJ, u({M),x) = u((M),x) ). jlfcltf, A({M)x) = l ^S.«:3 h((A/),*)*X . A4(?#IR3S( h HIW 

wttamiu. •»a^ai.5Wffiwt«ifliia:# ap^tru* M*tB<imAmw-mn, «#&&*, <r«(( a i), x ) = 
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1,1 V •/'bPifiiiftftliK 


^k u (s)^k m .(s) + co 

mu ((m'),x) m s xt u wssa^o sato^«*®*r-*f$iafT2E#W£*9 un&rt 

(o' I -ff t ,r 1 -r,)IS®iAo- I ff l -<r*o-*01r 1 -r l ). £&£*£&— U, $i»IM 

def 

(1) jttffifiU. K{s)^\s\ + 0(l)o (&*, 5(t^THFI^-|ftl*W4ll«JSifflMUO.) 

(2) sffi&K(s)«\s\. (1S^: %&s= \ n mnu, BK#nTW#lt^tM 

x, |M(jc)|»|*| £KK3:1£#13§ Mo ) 

(3) W 


js e {0,1}”: K(s) ^ « -/j 


<2 


W-/ + I 


RTWffiW. “JSi£” itA 


— A*. 


mm, mtifctn, 0 a n * 

i&£A a, 0dA:(j)^o(|(i4)|)+iog/B.^(jo)</:(j) + o{i)</, JAM** s 

ffi&XTMo 

1.2.3.5 WTil&£iS)M&K 

ommRMi), 

HPlSZifli~Hf7J8 PM&tl )!kM. ). Ift AH^£(iJKtJLSI |0|M^)x(Time Complexity), 

ft&tt. ^:{0,1 }*->.N|!fA#)£, 4 WlftmiSjfeflE. ftJ*X5M£i&*ftAx, /I tniS: t A (*) iPlsMik 

RpjttT±&w/„, %fi® 

, def 

7^ : N —> N » 7^ (#») = max (jc)} . fltfiffl r, ^ ^ 

vc |0,l} 


|5J«aWfiilfefeJS 

£trw&#tf$4'JiiJ!i. 


&* 


cnu-rm> %&&, ra 


#fg|H]MM (Wl’0]) MSVJf, (S^imx ULt. 

(fna “m^nm n ®, »±, am# 




rtm^THmmm mian m&t, ^am^Nsnift 


® 4.2.2IWffitK (JAL&«4.8), “MViffit" tt^&JiifSfKl. S-^riM. iitfittMMIS 

ci«.®ffl2.33) T»'j£^«w. mg, k, ssaftAMf-tsai^ “Sftr (»£ “itw”). 
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ii Witt n 




E ti 


__ T, 

WTW Cobham-Edmonds S?i!!^ 0 ij. (B T J iXIS^^fttl) 

Cobham-Edmonds /£5Ji 


TtV'ttSifeS HU0T2feft£Kj^.& (tS P-vs-NP IrIis) 


RlJ^ifcil. HJgMBtfi|fi&;KWIS&&&Tvt-Jf8IS. Mia, SS£-{ja:xe{0,l}*} 

£ 0 M hi W jpJ ffl —ft Wft a M #1 £ *fe It B* W #P ft. IS & % #• fSRtt ± fH] o ® 

>3—Xrrm, £ £ -uf ra R #1 $m ^ u-t |nj M ft IS. A t ffl H jg. MftfSAj 

0(/ : )o Cobham-Edmonds “□‘SHiltffl” fitlB'lfsIS 

ix^ec# (#t^) </). 

3£_h, Cobham-Edmonds AEiijgiJJUC, Tirol—IIS1. 'ST'iX^^ > RHi+31# 


Ti^sm^agTc 

i£ ( §PJ?v£P\lHEl’Bjli^Jxi:PSXj^$fNAIXjP|;fllj^lSiC)o fH^lS Cobham-Edmonds IeIJI. i2[ 

• m±, ^ $ I? & & mm si u s w ps j t m * m m mmi, mMfft 

xrffi. ^m&imw&miffr inft#r&, *&, ii*#fe35n»ftutra. 

wmvxr n m %wmmi ?&). 

J4#^J35^*®»»feWBtfiIlflfiRrW*J£±iE0TW3l^ ; £iSrU0i&T- 


*a»w “Mm" m, K'l 1 “tjm” T^att. a 

T-Eumtm, (ina^aai). 

• %{g : JI^C, T life iCX/life EC is It HE I ElEij PS T 1 

rt < m ^ t * p* m a ® ^ a ^). n m & -t- m. ft m m . 

is® sj mtkm s m u ftmamn n 


® H4M«tAifif@TXi9%J!S^AS t> '* S| . <12.2 W) .t.Si “Aft”, Bj-^ffl-ftaw. S«E. M&Eii 

^■&MJ®ii t J¥-iSfffla#iBrtuftMA*i»Afl<iM5Er^.(iiiWji0ififi. iimi&mtayWzfr . ^ze{o,i}" w*s»a, *n.asM.^— 
m -■jjtt>m*»m$i[ (4Krtw.-& r t’) «#7o(i)ttim§.. x¥.4>min$>. ww <«*-> vhsij®» <bp^ nt» 
id(.v, z )=i, ®piijid(^,z)=o, K.##s;tt[i48] (.m i $)) Kft, BP«r^<#iiM. 
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■?, i * ■;! ,Y >4 ftii & til« 


fMflSiiB, ^ < M $(# v£^ £ tfl 5t IH I"]it 

2. ftTj M.{£tAii ± i£ ttfit Jtt&it, S.ititA’fl^tfef»jf 1 -M^+ 


Al. 


t±#, a w ?n if a a w a a a® . £ *+ a a w m it m &? t* m m it m a 


a 


^ n # 

fr* y\7E 


r Sf. Sltt. ffiil M it W it A a A Hi M it ff- % A itJ >1 'Ik, 


^ £ $ Itt, M M. Ji m T § ffi #- ft it & * *t a ® a it # 1 t 3 ffi ® * |HJ IS . 

Mill 

«c ml i. 2.3.4 to pwiwj^mAo utt 

def 

Kfe, in^XH^A x, til&MtEt&to&1flXtfim$y, mfeXu’({M),x,t) = y, MW A/ 

def 

^t$$lA x W^ta^iiT t ifrBft &X u'[(M),x,t) = J. o $\Wt. u' Wm u 'ftfii, 'tlM. — 

&. m.^, «'rt*#i»£/' 

it#. XtT^Ajr = ((A/),^,/). t/'^E poly (\x\)&ZJ5&#\.. 0%±. t/'giafflfllg&M — 

cap^^Ajf, u'Rmvs M&t&mi&fi, Mmmwtii (wa 

m a/ t«)). &M3\u' 

ft ft®, 0**t M 

(s!ot#te&) “%&mm” 

a s * » e ■r ^ it # st* ru g m w # fit £ f0] o * ■r mi tt tt w * & & sp mt m # « $ ru a 

»AW3ESjttai»W*fe. 

c^^a^ (input 

Tape)), ffl—^^$mltfjtft (Output Tape)), Mt'lnJ^n^fX#T' 
Ttt^ (Work-tape) ±. ISljJt, iJAilI^,+,wM 11 &ffl T Yf- 1 1KO*f^J« M 

&\%.%.5L%W\WLs u , )fJ-fiAx, s m (jc)^ 7[^ Mitit^'t^fiaWlftwW^/So 




def 


fy.'t0tl's]®^lx, fi; , fnM'W')tt( S A (n) = max^ io|) „ {^., (jc)} <> 

1.2.3.6 IM 

1.2.3.3U + i^Wffl^e^nrUilfflJn Fj£jSCMfli1r#l (Oracle Machine) Anii^o 

m&, ^rtwipj^hn®. -#tstt, &mm 

%mn (Query) WfclJg. J6SF*JE>ta»/:{0,l}‘^ {O,l}**0^, (Oracle). 

ikDc^i^, wd^rw^syjs®/^). isiww^s 

St/. *i T-ft( S It M, If, if] A/ 7 (x) A A M He ijj I'n] M tf / Hi, Y't I'iiAx WiiiylH 


© Ma. sat (ojjsflfj NP->c'fe'tt (JE** 2 . 22 ) *uy, yrt*¥ sat HSWftjimje. »W.nmtt.*m r rt 

Kl 1 7”(n) = poly(n).(l + 7'(poly(n))). (Si -Jjftit. *t ]' R fit) n ttt#$Wlfn rf. 4U*K)WME 

fjftttHTff.iitW/(n) rt^iit. M'ft-JfeSATWfiaWiST. <« W n tt^PtCWW) iWfSJfliWfilJ r K-l 1 r» = <(n). 

(i + r(o(/(«)) 2 ))). 
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an um 


(fifr^M—T^S 1.5 iiEHJl + MIS—^P7±1ffii£7— d W, t£ 
i\ W- d' )<. 

wn. mm, MOTiiiaitM&M. Moi^nsywTw^sSMmtiMo 

feX l.n 

Afilllg^. WWT'IxF^^j&Af?!IgiMjffl (Oracle Invocation) IkWIaft iS (Oracle Spoke)<, 

/:{0,l}* -> {0,1}’Bt, *MA * 


ESttiAM* & y Afr&if^&Tin 

SMKB, q (BP q ^«#tb#{tW^±W*AM), ®WiJyW 

• A/S nJlil.k^l'o]/0 ; tX ; J'$i5A x M J (jc) » 

SM33Sii1ITOWiIfriitra*ffitF#L (SA) fcif-ir+isfiWft. 

W&gRTfc—ifctrtfttfi. 

1.2.37 SFBft«M 

{i^trOAAAAA, &#&M1SWPB 
SsfrtnJSM, (flfctWife, ft—>Mit») MfflJI#L&**l'S£±Ji 

-tW. 

iim+ir&ss. 

§l&&%A±, Hffift (SA&WA) 

K*W, 

JM&SikW4HHURH-) o Silk, IMltt***, *t Chomsky jgft 11231 ( # 9 # ) +ft*« 

(£7mA££'l43-&) 


1.2.4 ( feS§SitiX ) 


-tt)L: ifct(l£fc *%*»<■$ M®„ <sA.&« 0 

iMA ’-ft, #"&, . 

+&#BflX * 1995 





(JE 2.3.3.1 15 


•&S15.4). 4 3.1 TAru.i Urtkffi3S4H87i&igiM. 


® affflic#i t f , ®±#«!wti , j«fert?fw$xc oa i. 2 . 3.2 nn «#. 

rs®g. mimm. 

© mwfrm kft. if«-ft. 
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I * 'll ,V >4 fiii ft Wi iJ! 

X7^#Sf£^$lA^SM#Ji7|H]6<Jvt-#i&&. r?ij7# 
ft A ® 7711AffJ iS &US^A 7 TnJ l7 Iw A 7: S1$ft Mo Hit- -0, 

l^£M±£--7^PRil, nn ®MA#4-nnPRM^iAo J7 

Tfiinift, M±, i$«S (OTIM) ^A 

ASA | nj ift AJ6 tt f& A g ffi A # JS W N IS. 

awntt«a5g#£#—aft®#. #BMHifc7flWfc. <#«<&> &#i$ 

nsWtf-AMASAAMAffio £JF2t KPRII'I . Ain#M^/rW#aWPRfl3'J (MAAS A 

•ffifl'Jai+J¥ S&'ftl AWI1M: -fitA ftS& ( Boolean Circuits, JaL 1.2.4.1 
|j ) & “-licSlii.^fttlf/l$S” (Machines That Take Advice, 1.2.4.2 nT)o 75if^Li+3¥ 

1.2.4.1 

**&#” iiii'jiAw, m, ^fiijnife, 

(SPSW^Aj&MftiMjM), hk W ^ 7 tPj A A 7 7 A A # 7 57 MM 
ki . H i7 71 S A (Aj gp M A „ 

(l) (gpftS#iASM7^ Do £^7^7, 


rtpPH^^^jn (Gates) o ftMJ*f7W a ^ vfP-. (M&^ “ ^>” 

“bK” *n “A”)o &5Mtt*Ta& «-." MHA®* 1. A-HlPv-nWAInn^Iftl 

A 7 o fKjfia, ^AftStliW IsJW-fPJic^o 

( 2 ) (SIT’fPjMlJjiS, (tl|J 5E$ffu Aiii^J®, 1 . 1 :',) ^^J$BuA 2 re (Input Terminals)o ^97l$j ASiraffl 

-7g^a#ie (a^a»it^Ji«iA«w*?i). cjb. i. 2 . 4.3 to, ft 

ifr7I^MffiA^nmffl|^-7»feifl.) ® 

(3) SI4* fKj S PtlljJL& (SP'!A:$ 0 iil±iiift(jI®,>S ) Aw (Output Terminals), HAKAS 

% io ^g^a^ia. $o*iA^W/w7i]a j ,^, 1 , 2 ,-,™. 

M.M, 7 ft if -7 R] itt iu HAw RH 7 a A ifi, 7 3M i/5j Bf W $jir 7 ?w A 2M 717 M ^ aA AHfl 

Alisa, M3S$ijn±fe^^iiA^&ffl3i^&(ig^a^iB. ® 
W«7ilA;fl>w7i«ftM7ftf®i?f# (^P7±Sit#) ft-7{0,l}'’?ij{0,l} m M®a, 

M&feXiaT: ^ffii^$ie{0 ) l}”, rAig#E 

x = x x x 2 -- x n A 


© s-ws;a£g#*t*s#itti^«$?tt: ^>g-w»A m# (.zmai fli^ftfjK*). isiwfi&ft&aw. nmiAi& <ft 

.«) "MtA, # (Bfiflllft) nmvut (E8.3 VO #^fttiKiiEW (JSL 9.2 lO. 

® aiwaGi. 

® tF. R*«lf4-Pd-»A*»Hma»l*«if4 -H?T.jS: M*S*uilt, 

iiffiSS <W&&0iiA V fj), J&ffl 1.3 4'*f*,fl<J4fc«. 
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WMMm 


• /' e x MU /' ''hfcb# (BPx, )„ 

sewdL^At.v, . mw&> TOiiisgvn (&-n> w<6. 

B*®OTjSWH5|c)£, MJff, & 

^ae^rmai^T*. mm* 

IOTAxMI (BPItrA^xftf&i&MfifiJ) %y = y l y 2 ~-y n ,’ y, £fg|g±& 

ae^TBA / &M: *m££M4!& cm^Ax, 



K 1.3 $3 PiiKH+Jf Isfilif / (AT), JC 2 •■ ^3 ’ ^) = (-^l ® ^2»^l A — lJC 2 A Jc 4) 


ift(cj^*«&&«, a»/ : {o,i}’->{o,i}\ «, wcjznmm\m 

n /ftj{t, wmfc&m(c n ) n€N \+W /. WtmZ, *Mii:«{0,1}', M 

C W (*) = /(*)» 

W#Jtl A^^cIf-lS A 

^^nS^WW'N&Aii. ittBtftttM (-A) ft 

ckm “^m/s b mm, 

m, m^, a fes**. x*;fcM&MiiiM& 

mm. #ju*ng#jgip* “-a* w*f^ jdvida). 


fcS&MMliJi^giiMTi&o ^^it^@fl/:{0,l}'-)>{0,l}*W*m^(C„) (ifcA ., oTW^ 
c„MfM^f««iat. ia^MUMn, c„mm*>s( n ), wm^mm 

N^N. iS/&f)WIM. lBffcs,, ^WW#/M*i&^MM® 
MWTi#. &§:t, *r^m (M/„) i+it/MS7 


© its-amw®, %»«sw&a«rtt.i:* < «&¥&««> &*H*:«;MH-ir«&: ^aft/Affi*—w««a& 

«-V (W*{sm*»;g}tg&|gM±TSf>. 
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$ i V 'JI.VttrtiftftlBl 


i. 2 . 3.4 

M/„:{0,l}"->{0,1} 

j£® = ) 

(2) ^®J±lk. t MS& (BP 

nT®ir-tM^S;*) / W®&it®W®$0 ^.-Wpoly (f) M4MM. h 

(tl^: %fSi+#i£®IS(l#SS^m. tt^AMi+lfo 

(“—iSt”) 2.21 6Wim&il7M££PjOT, 'Ntfet 

Wtlttllgo ) 

it®w {o,i} n $j { 0 , 1 } s 2s o 


(ji^- : wv^Mi*ins 


f r v \ 


2- 


v 


v 2 v 


v 


+ V 


) 


) 


m 1.2.4.2 

-»tt£ 

M. $P^£ «. nJWffi poly (n) 

igtiffessc^ 

iWfRiimi+fit ci-agas, stsi^gnm^ 

&*: -*att#S+#£a 

A, Bilk, ^gtMIMWTi^W^ai 

HS1ttW^«WIU*^ffiWTIR. a-it±fe, ££i#* 

dm-Sctt) Rm*i!im#WaR. »&±, &W*tSR#J0<j%i&3l$ 

fl\ HllRR&injtt:. JaL 1.2.4.3 tf (&»ikB.2). 

1.2.4.2 &£gaffltflS 

*mt®i£&M Mg, -jRtt <#—aw) *»i«sfli-aw*»#s* 

fit«. M±i4. *mtu#, #-ai*tRSift&8e8SWim 0. 

si»ig#-attfi!t*E^TH!ca#w««, 3t+#-attw 

MiEBI^A 0 PJ##M1£. 1#»Jife, ain#£g 'SRftcMt 1 

1.12 (*SR«) &#$£ ^ *!lffl-frS*/:N-»N Wa«Th#a»/. (zP^®-4- 

+SR-fcfffll(fl ll ) <leW , ^>E: 

(1) tltt^ X G {0,1} , ^ a[o^,x\ = f(x); 
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il-tttf Att 


(2) XtfEl£ n e N . ^ |a„| =/(«), 

&M: wa»iPRr^jffl-ifej®*o(jiogs) a«niist#». 

$W#L#&!SAWfcb 1.2.4.1 . ^4> 

l(n) = 2\ 1 


^WiHfW^a3!i[/:N->{0,l}?Fi6, «**/', /'(*) = /(M)« 
&m-. r c$n, x>tTitAw, ^/ , ^;aiK^«ttiit#wg-i!ii^ : iE[ii^ii). ®HiH:, 

■&MOT/' TWo R-M, ^JfflM^iJ(a„) n6(V . ^ «„=/(«). PJ/'^*¥W. i«: 

Bt#i»/' M#?iR»tH^iPnT(*^±.X^iMxe{0,l}* , a |x| = /(|jc|) = f'(x) ). ■ 

1.2.4.3 §Pge5itWMS 

(J*L l.2.4.1 HT) i^l^lAi+iria&MiE^g^T^o WTISS^HBTAT- 
&—B.2. A»#fiJ3TI 

A A, ffr W am fti£ T il & «&T ® ft #. 

itt “ fi th” A/]<AA&3H ft WAil ARALH15A)A l fiWj< 

&tt. a£ifc*tffcA^*rjffiWH£—«** (J&MG.2), J.xtiSfflMiiJ95 


Ama^gEfci&M&g 

&x® (miw&wmmmtfiMm)* ssraaj, a 

W-#cM8B8STPB. S l.4M7Sftff. 



PARITY 


PARITY 



PARITY 
of .*,...x w 


PARITY 

Of V, ••*2,, 


PARITY 
of *,...*„ 


PARITY 

of x„ ,.. -v,„ 


1.4 

CNF if DNF fSa 

A AA^MJqi'n iiXf&A (Conjunctive Normal Form, CNFA ai+AAlil—^ 


® *'i-h. (EPi5tfTH=iog,n wt&awMrt), msamn^is. 
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■t i V 


AM, -JIiMmttJS. 3itiA$iJR^, 

ffSuMt iasEHA)/#,, i+#ol5^iuA^SS^ilA^mS5i#Wif^sKo 

ftlS: CNF 

it-fr. tL cnf m5Sto«£TO£tt3£l^— 

ft—'t'&jftMTk-C nf, CNF *. 

[j(jyi—(Disjunctive Normal Form, DNF)» ii#Aftltl ft ft it lftft.lt] 
ftrlftAlft, M4$ftltlftftft«'&tr *ftM, fllJM^ftMt 1 Jfc-DNF. 

%B&=HrW—=f+ “ftmaw ” (BPS). ftft 

@0 a tj rntti^munn ft m & (.tantm&m 

n, <asw#n cbp-. n>> am#— 

y:{0,1}" —► {0,1} jSIft-ijnllt], x<=y , W/(x)^ f(y) (Aft x,x 2 •■•x n <= y,y 2 ■■■y n 

%i, Wjc,.^^)o i£M&*&£;*£--'MSJJB: icftMMg, 


& , fs al: rln 


1.2.5 


MMfl W ft i$ fti& jfcif 


*M±fe, tE®£7Hft#ifcJs, 

(1) -USiUrKJS (£ 1.2.2 70. »±, *0»USM^^J^f5OjgW. 

j8aat|SJ», MlMMMIllH®. 

(2) -ftvHjCfiJM. (£1.2.3 70 ^^--ScW (£ 1.2.4 TOo 

(3) (JSa»3l£0, ^M^ftltJit##iM£-£fi, 


bp tm as® s &j® ft £g a & £ a m w it 


(:$m %[*•&•). win s i. 2 . 3.5 u, airuiiij 


A £7iSi ft tt ft £ ft 7 7J ft M mm, 7. ft ft M ft ft ft tt M ft M ft ft M -I i ft ffi ft M ft ft 


7 ri-J lft U & J® & $ (ft % & & , rJ ffl 7ft M - S5c W it fil. it ft Ift ftitftr, 

(f^A—^a#[) Wil^ > h^i^(SP^i\:®^'t , W^7'fiScOT)o 

fttl±S*e;*£ 

ISltJftft. &eit, Am#ffc-^&^Sc{o,i}’JR7#SC, IWSMPI^Wf 

c. fttiit, ft® m m 7, c bp ft 

/?c{o,i}'x{o,ififi c. r o. 


ip: ££ ff 

^7-M#-mitJit#iS&, BP@)£fl<]£ft 12251 , Jtftftta 

7®H#UHM, W&Ml£lt]££ [2031 , 3S+4Ha7*|iftfcl&. 

&73IAfflH#USM. @£Mft* I2251 j7'!IA7 

ffifflflt*. ft IjF n/] 7 - ^ Ift m 7J 7 >7 fJ ft ft (MfttLMilWftpJ'tiJfttlOo 
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iir/UAfl: 


ft 


£Laf —fH^. (Church-Turing) 1=3 X-E£ nf [5: ’ 1 WfIIM |225, liKjI'f£° 

RAM (vonNeumann) fftlflJ o' 12341 <> 

I’d) $£!!-¥• J£X Cobham |57, ^P Edmonds fKjIf£ |701 o WiUfft 

, Cobham —M Edmonds 

“ft®”* 


iEBjjo m-jc 
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p, np m NP-^ntt 


4$, n t Ta] 

tf]^, $L&t- 

-$rlSr£>JVf-%%Hfr, , 

4>tM >—1 +: 1-4 


P-vs-NP NP-^Mli^. J&$E 

& (4t»J?Si^TS!J3^tt). np coNP^, 


Att±ilf. P-vs-NP (BP#£W 

np^i, m p-vs-np 

itb, P-vs-NP iHJ^tilnr^^ “ii^jS?tb^iIE)l?S<JlH^ttMffi)«? ” 

If. a#Wlsif )ffgf np Jte 04 W P-vs-NP HH*»*®pruAftiSii!ittfiJii®»T 

§!&« (BP MEft&M&mii, ffc*J}£&IEflltt. 

JEfiMiEB/Do Slit, P-vs-NP 

*&±, <&£»> Ifc&lE (i£M) Mo 

teMJtift. P^FIsJTNPo aftS^W#SiM4‘*#i!liiEW, 

+ M, mKBMtE&mVLT, 

ffiWNPHs+wfflitHH. (^#md m&^i'pj^fjs^ p, 

T P TOT NP (W&fm) fiEW^fnljl^JiT' Po ^iS»®f8rJH*fiEWaN*H : J : P. 

M.MNP+tt®—^faJMJI'FP (BPNP=P)„ S^JiNP-^^r'ttai'feMi^A^.^ho 

NP-££ttSi&Mg8l|jie», '£i8i£Tit#|pJH2J3I tt^iR. 

!5£j®JE—'hfilJH, (»») Jfffi&t, JAW. 

3?—•'MBIJHSEsl. fa— t- (NP) l«|JB*NP^£M, $q£ NP 

HjRnuja^si^Hawig. s*, #+np3sm*ts < A^a-a-^ p +) 

np-^njb. #suitfe, iiw->hfnia*NP-^w*i*3t®fpia^ji^P, mm^ivEmr 
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np=Po NP-^£P»Ififl!&#£. Iff] R A± A AA § «*n a m *4A A14] $m 

fcrtf-JfHJSM np-^^N®. 

affiailSNP-^fnlfi^JiNP^aWWffljJlfnljS (BPM P/NP, PjNP4>iE^^ 
m np-^am p mm). u p-vs-np 




■a 


*^±, *Mi£ P-vs-NP ft 

, £4h ££-*M#?JLT, *#Wrt**lfliiEfl*lfcft;fc#*9IANPo *fANP-&A'143 

ifc, NP-^^(B]*»#^tto 

««■»« 

(JSL 1.2.2 AX jffe (J*L 1-2.3 1?) (J*L 

1.2.3.5 A) Mflfcfe, ^b«WAM§*)l (El.2.3.6 HD 


i\L> o 


2.1 nrtltH p-vs-np (Riaww#^. 2.2 nrftl&J5£jM 


&. amtaixja np- 
2.3 AA*g NP-^^ttiii^, 2.4 AA*HHAffl*tmr/ n L w 
tBm NP^*tta*#^w#ffiiteji&coNPiis). 


2.i p-vs-np mm 


AimBft&M 


IETAvSA—ASAV 3S (aEtttlfW—AJStt) ? &tt« P-vs-NP IrIMMAM, 4£4>P^ 

p-vs-np Njg^WE-^i^NJS*. MiiEW^atkl&iiEiiEiaWjHfllttMffl*. jft 


t=i .2- * 


a 


ilfcRt, P A^ALAM'AA 


n o 


2.1.1 AW 2.1.2 AAS'J^I&MT P-vs-NP fnJJSWiJiWIt^jSC. 2.1.3 AMTWft 
2.1.6 nrat-^ifeTAm^ffiliW “PAI41ANP”, WTftfnMjtf »»*(-: 
m&mmmififeo 


i&itP^NP, iB.3ktfT P-vs-NP IrIMMiMAAA, A# A 

7—AAS^^, # ^ ^ R #1# ) „ &Cl£iAT#A 

(2.1.1 AW 2.1.2 ) , 'fe'ST&JtjfrtfJfc&ttNP ft* 

Jf4HE 0 
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P. NP fll NP- 


A t-fa 


—£E5fafltf§] 

-(AM]it#tlM, R^lf M^“^SM”BPnJ (JE Cobham-Edmonds SI), SW^MS!®# 1.2.3.5 
tf + JdjBi^itilo 

fa 1 .2.2.3 Wri£, SM4 1 -'Vf 4 (tfA-fiRiJA) N 
(JE 2.4.1 A'), AfaMuhJE{0,l}‘ 

m#{o,i}‘*^o mm, u&wm 

m&nxAtffiM (hkmxm 

mo m, saitsi'K &mgmm (bdsimj^Pj) smi»m a x»j (mjBTW4^j®iW 
M^y^aR/ARA With. AAttkfa a mm r m mm ar m a (Afx&mw"®” a mar 

;J F/US?) #^&£Jg$&lRlJHMgifett. 2.4.1 Ur^Fa-^irTife^fpia. 

2.1.1 Hit)®*: 


( 1 ) RS4^4Ai&7$£4IS&4#y£|)’1 

H-#«4 4 4, ft «£*>#£: 

Sift;, 3U1 * iA & 4 *£ i# i£ 

P-vs-NPS*tf1!Mi**|S|**i&o *M4-A, ithe**3*&A£EA£, 

(2) % ntiXtilR *%&£&$*&, fUf]4#3l AAJ&4 

p fa NP PF fa PC ( 44 JAtfS 44 fafa£ 

^ AN"fs] 4 *$-iiE ) o #P>P 4 Rf£Jfl fa)A 4 P fa NP Ml 354 fa 4 'l 4 Ml#E&fa Ai# (fa P-search 
faNP-search) , i&4&&&## T ( ##l 

4+) = (£&faifc, fatl'HAAA«A#, t£ffl#>flia-fE#fa4#£#4 ) » 


itimfa^MATOiMfrAA^&^yfM^ (fa&A 1.1), 

CsK®&) Alia, ^a^MittfsIS-T, 

w & a m & & it a m & # m i/i is i 4 n m % m . jit a, up is m ra & a m -4 a in b n m & w 

“^UPfnlS”, Sithg$£KlfiJIB§;£&. AAAtgRA-Ai-A®: i«AA^A>lE f RRM 
SfcJfe^lP. 

*£ifJA m &>Aj$A M Mj 14HA. fflAfRSAiMffis, tfMfc 
^AlATo lit ir-t, A A m m ^ A 5 ij i h ITUL1 1 fa R - 4 'A AIK f A M It A= fMfarjARMMH 

faHHi£, fa.if]R4iSIPM &AR fa £MjgA m Afa[ft4 m Aifa mM Pg£. a 
T&mMBtt&f-TGxm (jE^Ai.D, 

%X 2.1 (£JPifaffAfO —7n^*j?c{o,l}‘x{o,l}**^«SIPfl<i, faJH#£-4£ 

Jplfa/’, (x,>») e /? , W|^|fa p(|jc|) o 

jaM(x,^)e/?Mj#AA : y 3kmm%m X MM, M R ^4l4SSA^o fajfa, A^SIStM 

fa*>-Ji;c W^SA, WJ (jc,y) e /?. 


m a wraj) «4'wa. Miawi+iSi-Mfew®« fiw * -s.:«ifi,j m ht m 4,s? j* a w(bj nm&&& . 
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ii nu&ft. 


M's. x^mytwm^y, ®n(x,>')e/? > 

m (bp y) 

2.1.1.1 fPTgg&ISftfqlfiffi P §£ 

ainflS^«wji^Ktts*^»wis*fniH^ (ipm#s«¥)o 

%■%.%, (§K— 76*30 ifift Tf (.%& “&%IM 

iWfamPJ”). (2>Ji5 P 2.1.3 i?|P 2.2.3 Wife.) WT£X 

i.i 

&X2.2 ( nTKSi^^WIS'^fnlli) 

• i»^^if^iRj?c{o,i}*x{o,i} , x«fiswa*fiiHJiRrwiSF*^iiw. tmftftzm 

def , 

j^(ft|'0]#v4 W< 4 (*)efl(x) = {.y:(x,.y)e/?} (x)#£« ii, in 

J|:/?(x) = ^, fllj ,4(x)=L , 

• m ?Jf/TBlWiltfiMiRSH (Xfj&^M^If-^jR). $n&* 

fcMs*:#*:*, #.&#££ JEiSWIiil#i£. ^^IIHlyfflMei! (»£&*¥ 

My*##), PJrteyf. 

Slit, <rt(x)#$), 11?^ 

W'(k A 5}clB — p'ffiKli ( BPfisj/iL A(x) e R(x) )« ;£}—ffl, $fli^:$#ij x ;£$? ( BP R(x) = <(> ), 

M#U(x)*/?(x)o -MWinfl5^#BPi4(*)=l (SJ5U.1 +tet)o ^W, 

a ®jw»ma^3E 

mmmm&iim, ^bhmmee^). #m, mmix, 
m *&&&.&&&&*fanx., 

“Mn^” <##mji%) “rttusw" 

<Iri«*A) xm. mmmvjm, &*£mw# 

2.1.1.2 fE&g-£0&«*i5IJM9 NP §n 

^se, w^|5ijhi?w 


&& 


&tt, 5fc&&#W£«3HR»JlE 


def 

5, = {x: R(x) * 4>) . (LU~F*f 7 NP MjfcjSC-ii NP W^JftSJSC^ra 2.1.3 


U—2.1.5 2.2.3 Ti+i^ifeo) 

5tJJl2.3 (AWTO*IftiI#Ma*fiJJg) 




$2 y: P. NP fll NP-'jt ^tt 


A(x,y) = l ^R{X.^(x,y)e R „ 

• TC (Polynomial-time Check, ^7j\ “ PT^iiE”) FTraSiC 

m rsto. 

(1) «(*,y)e/?, K'JH^p(H); 

(2) fr&—%tfe(x,y), o 

tc r-itwg^Nis 

%Tw?cm'\'i»immT Tjm, Tern, 

$M) ^If TCMftm (JE>3li2.1)„ 

2.1.1.3 mfgBxZttl P-vs-NP |qJS 

^ tctj? (gw^n) -% 

& r ttirntfuEtm, r itt, 

to^TCciTf, KiJ K Hfc # R g <£ £'A mmm (ft IE $tt) njIA M $#il, m&ffiM®. 

jft&#T)» cbp pc+^twnjs) m 

%mmo mm, s-^Affifti® a^s.Bm:&m m, 

H. ftSftlST, ft$E;S£AA;IC«3-J*. (SAjItW^:— 

M&iEfiMM). 

E“2F®. U^TC\TJ^4>, WJ#£-*-£3Mlfi$i5|jg (IP PC+g^fnlB) M<$ 


ft. a^^HsinWMiAiK: *®£JI|n|H 
frMTMi: “^ft¥fnJJS” 5 “Ztim 
M” tt “^m” mmg)o 

2 .1.2 M-^iE 


7E 


ft, *&&. 


W 2 




wf^in^#fij, *M#®iRijgft®Fjft ($n pc-vs-yjN^) hjy ^jNjjtigg 

fn]^ft *@). Hitt:, *sn /iz fj wn&m ns ft ® s# 
$*. mtm , #fij/£FiAf iAji:r?j m ft gft m%, it ift-# f.ti m tj m a@f % # 

M. B3SiAft£, £U£lRlJS*:&MfRW®M <l$7&£«*NJ^ft+£i¥fMm 
^h)o ¥j£W£A*mM^$, »f^J^- > h^5£W»rM^*lt'tfe3^i^WiHrNfi. 
m'i&, mfe-'t'i&fcrtn. 

«d 6 T-#sw®WTh#NH. p-vs-np NP#sffi^iKwraj.g^fl«iJsi 4 

m, #»±&igfiftg&tt. a m%.uEww%” mmvk, i—> n& 

casim)* t 


® «jht«aah« ctsp) q>. •»;wyj*^«ifj-re] ep^ w»;w-s-^«{a, H»ji*-«t«Etmsi. r&kjs 

^eawia. 
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iMfU&ft: 


<ip-f+M WWi 

Wp, WES^iiMtt (sScAWPn?^®®^, 

Hamiltonian path) -^^fWiSiffi® (sJc^iS/K 1 ®®) X° @itk> 

S (tmfeX 1.2). P-vs-NP P 

fPNP (^Sl* 2.1.2.1 U*U2.1.2.2^'f£iH7£jS(..) 

2.1.2.1 P HI 

S#$iRlJa331S±iaf£ PHI (** 

|1] ”, Polynomial-time)» HI K^o lHM^Ja£|P]M (JE/tlX 1.2) fKjJfJ 
&X2.4 

• ^Ij^|n]@5e{0,l}' i^IjSsWal^vi A 

jc, ,i(;c) = l^a.fX^;teSo 


2.2 ffliH], (mm-^ 

*&±. rm, 

&mwfe$i&tiLTZft mp (.& 2.1.5 

$3 ^'t' ) o 

2.1.2.2 NP HIS NP-ffiBJ^ 

(iPMi^tluiF.HJ3i=rg#*gg). flo*JS75 M&fclift^iGG 

9kwm, wm^s m±, cmio Ulw.w¥& 

(1) nmv&gfovEw. siwit 

S 4 1 l)Sc W 6\J Ht s'. BP^tfElS x e S , —' / h$.y> i$LffiV(x,y) = 1 (IP P ScSE y 

(2) tS«MW*&WW*iiEi! 3 , HP*rffift**s£ 0 rWM$ y. #('(^) = o, 

M jS7 5W^wiiH0j]o 

“X±‘\±”. amm^n &«sm 

m&mm&ft&m r± & m t* & w £ * ^ ® *g *t m. m w \e m (HPii^w-K® 

#£tHIEj££:5Ctinr. 5fc*Hfc/l^tfiJ7o tWa, 

!¥: «?. jt), ^.aix^ 7T g e^iiin “^§”o jitirt « 


© *$-atrj#jsws (zm&mtm wjtt. sairriiiM^^ttiflD-att^^isjijEig 


mw. wa. tt.%9 


XX 




f|--'l'#*»iiE««flt^*isfifWIS|*»r*Wif«J:3:rtW«tl5»fiaiiE. *#«t!fflgWfl'.l®5S(fc£X, #ist/*t(HI#fl5Ji«g+ 
iff. m & k * w es ». ffl ffi w -k m %> m % m wfc * w £ m s$ . 
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£ i v p. np fn Ni’-Vu^f^: 

&%=F-ytvEo fi$, &'i'i)EW%%iWl3L±.&7u&&ffl 

I^Jgi^, <Z> fn —f+A'Cti'j'iL r, U&iiEfMtf-i+J? <t> r), 

“M” W, MffiSPmiH “M”. jtkN, rM* <t> nT^£ffl- 

£^.2.5 

• IS^^HJB5£{o,i}*^WRrSSi[|&iiEWiiE | fl^. p V.R&W 

(1) #£&KM£;fcp(|jr|)Mj'. i£®v(x,y) = 1 (&##]#! >>$ 

jc e S ^J—'t - NP-iiEffi' (NP-witness))» 

2. pitt. j: 2 5 W^(x,j) = Oo 

J^MjceS SiUXS#ftfcJ®M£2i p(|*|) Wj», ^#F(a-,j) = 1 o 

• ffl jvy^^w^rftafei^iiEWiiWiRSEWjisy^KJS^. 

&M: “NP-M” F (s£#l+| KMWM) 5 [ft 

(Witness Relation)o J?J5tM[^U — ^ cT S ¥] NP-iiE^^^t (JAL>J 

JH2.2), (JEM 2.3). 

%}%%.X2.5, ■snjUR##J*iiE?)!->N«|^R**«M : f NP a -Rfi&iftB* 
NP-ii#gp^r, 

SAT ttNP-iiEW#$ (fHE«/f) 

def , 

?ii!W TC *£*—'MtafpJJB /?. (HP^Sj, = {*:/?(*)*«»} ) MT- 

def 

^Po #SUife. XiiiMRe'PC, #lSMfSJT v , ttfl|F(x, i y) = 1^J.IX3(*,>»)€ J?, t£M 

aa^^RTWSpoiydxDirtfiirt^jt. Hjtk. (rhss 

$mmj) ffi^wraa np iEjg). 

NP-iEM*^aa#tii pc*w—■'N& feisjS; tip *r -r £ & & m # m je m tii: m c bp np-m> 

MfaS (Ifaiift, v R = {{x,y):V(x,y) = \) — tifMS). Sitfc, 

SeJV!P3itt^4/ie?Cf#5 = {r/?(A)^} . 

W*», SAT fc&ikX, ffi ft &.#}#.# ft. 

te*£0f*MtXT, ##£*&# IUHL, 




® «#*«»>•. #^ss#fl*ai k, KM*xa±T:fc*isjK. wzxtiutT'te vumb-'t-mwM.m 

IKJT-). 
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il-ttU&tt 


M%3\ TcMP T l&Rffi&iiE&lJ-PsW&V&ffiintf} NP-iiE 

bp v(x, y )=A( x ), 

if o p-vs-np fnj@fKiics.ji, 

—tAWnTift^ffifKjiiEBJ^gEfKl^^ (£P*±, TcJ^P, K'J P-vs-NP ftHWfi 

£bAj A/!Pc T Ji ; f , ?/jJc5t)o 

2.1.2.3 P-vs-NP |q]M 

NP-iiEfit? At{1-f; mJS i'A&iiEWiiHaj %%t, & * # % iiE E H*, 

0Aj^SM£®t sMiH 

ttffltt, WOTiA^iiEBjJiWffletJ: Ay 


El, 

Atf 


BP T^NPik%) (&*®1lf» 

T) -^iBgW^|s]P<Jll*!iliJiAA; 3^JVy^#«fiEWttl&iiEKWSi[tt 

Iffll. gJiSAj, AtfiitJlrW NP-ffiaJi^gtfK)*^ 5, 

(BPXlffift&feMxeS, # S fifcfiftj NP-uEig), H^ifgAt 5 Ejlfc, At 

SeNP\T, ^SWricSiiEljattlftTEaftffilliWiEflUt (rT£ £#£11115III. 

2.1.3 

itWB£<A0i^&, p-vs-np fniaWM^^^Ji^W. 

•¥W«*(BiBibpr*iP33i^Btfijrt^jiiE <bp tc^tj >, np-m^ 

(bp m>^T). T^m> cm tc^& 

ft-TTCtp (33«2.1)>, nmiiEBJtSnT^iifeo 
fem 2.6 PCc pj ^ M ^ y=^Po 

m : -urn. m a^^At^is^fnis^ <ep tc^tj). mnmEW&m'kT 

^ 1ZM 2V ~/T. i4E 4 mI tt' xm 47C ifiL 66 Ar A/r ^T '/ h 4^7* \7 ^ RH 4zr 4$? .A. 




5 Ji NP 4>ft 


o > 


V % +1 m. flfj & ilE * & ( BP$tj££j5t 2.5 M & # ), nil 


def 


R = {{x,y):V(x,y) = \}^TC^-A'^^mm^.%, KAtiSWM^|pJ@nJ4 

£JMiWl0] rt$m ( bp p e ?Cc yj) „ $ if r f Kj m m i«J ££ ftWI A ay- |VTJ % rk is if A, jvj$}£ 
sw^nJi#sw.Bpjiji&AWx,SM{x^^(x)^±w«»tfn,jg#^i:^a.{x^>4(*)ej?(x), 

BP3.&lXAiP(jt)^ (IMfrife. WxeS). Hi it, WivPMT MP^T OAWi NP=T)„ 

tt r&MP=T, mvmm&mtTtf-ftmvknii, / %. 

tc x mitm, & 


def 


r aj s; = {(*,/) :3/\ (*,/,/)e p} js^ jsm 0 * Re to, 

Ais;if?(fiA7=PWfiS). a#, atiiait^tfirn^RrtBtnwtira c^busmi 

H^W^J^i^MJi ; SlE?!l), DctlfiJT^ P W®*fnJJlW^33i^BtfU}ffto SPAt^ti 
AWx, 'tA:^g^ ; SW(A: > A)e5;?Ea(x,A)g5;iEtlitEi± (^BJP(x) = ^). TffiMiStt, 
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$ 2 v P. NP fll NP-Vu^fl: 


y’*-y[. —JM ^ HU At y' SI & 

(x,y')eRo Witfc. tfil /? e PC, & W * e PJ, M PCc PJo ■ 

It#: &a2.6ffiiW + fl<jm-SP^^P+ ! ff^^'6-S 5£%R (ft PCS) fflM. 
M:Wi&, *Sfe^0rWS#AtX*(x,y), Ityfxe5W-tNP-iiEio With. R Ptl^M 

HPfci5£j£xffcfc$frAll*, *&#WNP-iiEig. «±, SfitilJg^, MM « 

'^NIS0t^^#ti5i5<j^«^JSo Hitt:. fi€?Cc?JltTSe?. 

def 

MS/?ePC- t t#llt.S; (tE .APS) +0^©c. {i&^ttft^S* ={jt:37,s.t.(x ) >')e/f} H 

('£!£ * (S„At) ffi|g^)o S;S&‘&Xt(x,y)S6ffiJSAt$. It 

at*&j§, tts'mTf&RnzN&m 


■s 


S y /?(jc) = {jp:(jc, jp)e /?} S^S^StfHjISo 

#t8M/?£lt1f^M, WS' R eTM^Re?fo 

%ii£: Sffl 2.6 MM 7 fiA.it i£ P-vs-NP V&±, 

2.1.4 *t NP 

[HlK^X pc m AP) at, (j&£ 

JjSjfrlfcfiMNP-iiEiB). ££-|+£^S, * TOAfi* KSfitMi^Bt 

|bJ Ft 7Jfi (uSlct<t^iiE>' JeA A a: M 7 S /j£ot tit NP-ijEiK "Jtt poly(| jc|) BtfSJrt^iS), WJ AA 

-TG^flePC (mSeMP)o «±, y AtietttBt, ^ 

(BP y Pt£S 7 $ njUJl«*fi»j£jaL'f W*W y). 

DHimA, PC cm AP) S fit iM M S tft Ik at M A M * (BP*NftAAt x, it^ntiu]A 
exp(poly (|jc|)) ). fimmtiiffiGi AttPtM (^ffWnT^Pt NP-iiEJg) ffl4rf»5!l. With, 

APcPXP, RS PAP A fiA A ttf Ik M |Hj A A M PtAJ * Inj 35£ (BPJtftflAAtx, LtimMA 

exp(poly(|x|)) ), 

2.1.5 NPWf$ftj£:fc 

£12.5 tMfTffiMffl&t NPfeX* fflJg, >Jfl±, JVPIfe^jSC^oj-jpJffl— 

(SMPT^fflNP^^^^tit*'®), AJ^flt 

m&m wmj m-wmmfex. a« 
&r\skm&T,k%&mi&iu#m&x, shim 

-^£JU5 m\h . 

%.X2.7 (.imfemzwmmmRm 

• 1.2.3.2 Tf, 

St3Hx0x{-i,o,+i}SH7Gfflt&J&At : 73i ISJSZife, * > M3 f£BP0*E* 

fltJs^ffdfitrAftnJHbfitiit#, Its—7^|3t6tH7Ct&0ft!l^. Wilt, 

7—S (®JtAt) ^^lfAPtit#Rrt&W^|5lPtlrS. 

itAJ^imUS. M Itit#, Stu^fitfiAJF&i, fflflUtlffiiS 1 = ffc# 
fll5££#l* A/&gjr, ft—f+it#, 2t7$iAx, HlBt^iS lo SMSM 


PI O 


43 




o 


n 


2.7 wM^#«se«iitiis. : iMiii l 2.7 #&w#i»a#i«(*f 
7-7#£itA) mttm* ^r^rm 

(BPttHifefejSlCNPlI, l^fftttc^—7-#£. BP5£j5C2.7i|Ji 

3C2.5 


&#&#: Sfc**|S|, fr##4m«X2.7#S* 


&;t. if«Wg<fe£JiC7l^. 2.7 M#}®7-f’t ] ^#Wit#MMo M, 

W^rMSiJ^tliit^liMo 7A~«, 

(jeai^ 2.4). 

£312.8 JtJSC 2.5 2.7. 


fiE9!4E«: —M, fi^il-s- SJ4W VP-ftWJ&m, JKFffijStWI&TiEig^ia^ A #{glA 

A/« AfT^A x, A/£7ii7 /m = poly (|jr|) (IE 


fllJgife) $LJ&% y e {0,l} m , #mtfV(x,y) » 

*Wm 0)®lrffiWxe 5 poly(H) tt$.yte&F r (jc,;p) = l. 

^t J 7$suA(x,>’), KM 3 y > A/' M Af3iiA X Wit Jf, ^tA'Jffl y M 4 1 

bp Am^Axi-t-im, %i#&y&}Mi\k f $ffit&%. 

&mftvs&&}®zhi]fa‘p&nm-w)o &m-. xes%Ru^ft&&mm£%poiy(\x\)&}y, 

\tu M\x,y) = \ . Hift*M'86#iijs WNP-iiEMiSSE. □ 


2.1.6 *t P7I*IT NP l#£*# 


^fpAt^A^-ViXo 
If £ # fc ■— && ( 1724—1804) 


:«iU», (ffcjt* UEfiftW) “fcHfT) 7, (ffc^j 

(^ “M”) m 


« 


<S' 




© *HK. W^«.W^4'^iiJTS1'S[*(a!c^lfrJjfe > W#4=/*#Jg«lrtlAfi«*-, &rfr-0'nJ'ftgit»'t'Kj , iJ«(ffl). Hitt. 

jmjRWflf h^iswaw*. M»-&»ie*sinr«siw«4!tajSfrw*»iw. ‘msrjtu.u u. 






$2$ P. NP fll Nl’-'it I'i'l 

p 7[s]7 NP, BP PC MJff7teiS 
m NP-iiF.^^^to 3^-ffo 

• p-vs-NPWwitJfM^si'JwipM^w^^wii^o m («©> njsw 

?#£„ gnTlXMAf PC\PJ^</>. iMM 74774x7, ($n& 

EPt7&#t-7 iiETO, M—'MWbTW 

ii^W^#*i¥^W0«ai&4»Ji-aW. 

• gi0f. AAP#§ PC% I) 7&7±777|5]|hM, AinftAftfJilS 

2ftM#AMri£. &®NJg3feg7^HW#f4, i7^f4^^#l?S!/rPfflPA#xd-^|piM7A 
*0fftlf£. ifnix7A/AhAI R &A7ff %U)c '/AA37 ^ ft£ & ft ft %ffif/A, MWfif 
IS 2ft !Q S7^- (ft 15 o-^ci^JS'H. 

s^uwiKi^ai^, p 7^7 np MMi. &%mtki3, aftMaife 

AV!P B*S*£ifc*WjftJ5C (BPM T=MP, !fliJM^NP-^^M^«Ai;A)o 

p*mp a. 


M, ft#iAA, ffiS. IEte 

^$PJlfc^#^jA'il'. 


7 B. 


2.1.7 


~f~ / H» X - '*F 


-sr»X«fei±it — # 0 

Robert Musil, A, Jo 2jif 6-J A, ^28^ 


'€m %Mkm m t a m & to m w m ps ft, At ix % a mm w & w m m a 

M. mm “J1MAA” ^n&«7ftft*niRW3E®l. Aii77Mi77jA 

<A&17o ft#tMffiJSPJAA^>f+^A±M75)-|/fafM, ftkiAAMMffl^m^aAii. Tfu 

(MW) Ejxs^injijrr^jgo feiut, awuitm “jgjsusHwr trm 

^PStt^d^iJnriA (ffMAitk) AiAMlfA 

mn^mmmrMm^^xmssMZim^. nkin*j^^^iAA (ag©£), a 

MI^65II« (BPig«), tt77a^i£®'<J W 7iMi7 14 (BP^-AAfiltr AM 
M^cJfeiiEBJD. M, A tt 7 7 W 7 37 7I 1 A * to fS A £ 7 A 7 to . A«£77 AMI'Aftl. 

totfe$r©s, 

^4^^A^^AMFtPgtt7fXlX^Fti7ii “It 

mmurn* iaiiWASistifi, cat# 

m m'&o 

T ± NP mx&mi tB7±ifcitttk. “viMto” ft©, spJEM^m 
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i#a*dM6|fli/3R^‘&aWNH. PtMPMifc% ®NS. 

teWSfc^HWjft^T. BP-^A*£KHIxi&*B£. ##0Ttfgd? 

Kt«iONJlWte££W«:jaLW. 


2.2 £3I5W|b]!5*<J 

IMf] H Hi iH?|o]IS Z. fa] (^MlME) fi^W—USMRift. “Karp-DW 

l?#®, (^M^TfiE). !0gjgNP-^£tt3ifeA«l«'b, 

2.3 NP-^^rttaife. 

(Bp^«*3Wifc4fcfiijgfi^*ii5aj£fBig). jHtfh, j»®i«fi^w-iia«iife(Bp 

“Cook-jS^T w# “Kaip-!0£T). 

# 

##]?l, NP-Jfe^i4aifc*jb-fll, £ NP-££'l43it ( ■£ 

ft *» ft ft W ftfc!&*j«*&fl«A+£Mtto 


2.2.1 fi«W—&IK& 

mtj&mM^mfrornffo m$, feffw#iws, <a 
3 Rj 8 ffln#u*s. mum, (mm) #utsu mmummq 

ffl^H-'KUHKIH <W*«$jS2lJ£|S!IB> MSt (s&m¥) (« 

3?sE£iJ5t) I3JB. 

2.2.1.1 BI&VmW&SL 

—1.2.3.3 l^u 1.2.3.6 1.2.33 

1fr)» ^^MJikfPnlr#!. (Oracle Machine) (JaL 1.2.3.6 tO, it-!?#?£ (BP^st/l) fftjBt 

®£&J£. *^±Si^ife!ft»W (£«Btl0j) etJ, ilfcffc* Cook-J&gi. Silk, 

MsM (JAL^X l.ll) (£§£) 

I£ii JEMTOMM. (inm-^lpJ^HTWii)i Cook-lQ^^ifc^M-H 

M, M&, SJ5#^^«0tl'H]p7dfiJt, fr#iil^o 

ssjal fpijgw m, nwmm rmj 

mw,Mm h mmn s ® s&j nm . /±m 21 ^^^21 s ® @w . mg mt&M&m ^ h 

HWl«-W*^(BPa«[/:{0,l} , ^{0,l}*¥*'g-SW^cfi2J3tNil,JP*Xlfffi#*,3*6S 
Bt/(x)=i, ^mij, /(x)=o)» ffisufe. ^H3^iy£tf^NJ§!0t. e^j 

cbpm/:{ o,i}* —>{ 0 , 1 }*u{j-}#* iu^taM 
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ifi 2 p. NP fit np-',l trtl: 


(x,;v)e/?, ^xeS*H7, /(x)e/?(x), /(x) = L ). 


m \ 


feSL 2.9 (Cook-0«j) m, i&nttfeM— n’ ff'i 

liltSf/, M f nJWI?|o]Mn , Iftlji^n nJWCooklQ^^n', + Ml£ 

0f*JAi)Ax Wlidio 

a * id n (m n 1 ') ee or w h m m \h ss & "i w h ai £ ra a c&# s m h & a * & * w i m m >. 

4&Miie#J®®ffiTiH93JPSfRian rHsJI Cook-0£^ n', PIiJ^ n' 

07. riiMt C JALAIM 2.5 4^A Cook-l/a^lW^'fljlttM). 

2.6 + Cook-0 £7, $ PC R 

m*J% M%X£msi={(xy):3y'&&(x,yy)eR}MPJ%Hm. Hjlfc. 

Tin T^'ito 

£11 2.10 pc+fi*—"'MS^lWnm Cook-n^jA NT 

mm& 2.2.3 r 

pT S R = {x: 3y,m%{x,y) e /?} » s;. 

2.2.1.2 #<511 

Kaip-iagF* (t&ai£raapjai£iHia> &wm&, 

S’ , ft S nJW Karp-!J3^^5' , fcl3l#£WMPT^T^fKl 5 PJS' #J0£7: XtAiSA x (5 fKj— 

mmifnftx', 

$0$, M.M Karp-jQ^Mfe?S^JSCJnT^fa. 

2.11 (Karp-0**]) —1*1 s 3\ S' tfj Karp-0**|, £n 

x, xe 5 ^ HlX^/(x)e 5'. 

HIM. lAiA/iffi/SW, Karp- 0 £7 AH Cook-0 £A ISCTWAAlJ&i^iiJ —ft Cook-0 

m (BPxmtAx, Msf/lifOiM /(x), #M@M)„ -ftAA#«M£l^±WiiMi& 

&H: Karp-0^H Cook-0^SM, Karp-0£*]H Cook-0£l W“^ 
Mufc, &ft£l®timTO^H#£&ffl ($P#8'JHfflA mWfLi&M® 

rasas«r 

VX Cook-0£*L*73£*hM. Kaip-0£|y&£*hl5ia (IEAHeS 2.7 fUAJ 

a 2 . 33)0 

TEAtiM, Karp-0^7WW (&&) ftIfMSfl&£0M£HJM % lMggfM0 m . ^fttmanfM 

Kzrv-mmmm^w rr', xtA^Ax (/?£kj—a$#d. 

i+irau'. iMmt/?'iMiMx’ (BP^A^Ax'i^fflAW^). mmQy'm&{x\y')*R', 

Sfllffl y it'J^LHXtAiwA x (|\|$? y (BP y s /?(x) )o Hitt. i^ft0^jpTWA^^^Pt 
iMffifttt. BP/fPg, ^^^/(x) ( BPv^H (/(x),y e /?') S3 _v' ), W (x,g(x,_y')) e/? 

($Rf±. aB7W0^JAt&{X{XMIs]/f^^x W^)o 

P7m Levin-0^, tttL0 Karp-0^J^^WH. Levin-0^i&^fflWA0315^ff*tfB]l!!fcl7 

(BPxfijx', wx(x,y)a^wai7). 

^JJ£. 2.12 (Levin 0gj) ~M% f%\ gfa% R 3\ R' 67 Levin-0^. 
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itr/u^fi 


ta^ f^S R ={x:3y, g|S, = {x' :3y’, !£#(*',/)e P'} M Karp-M, #W.*t 

iiMxeSx #1 y'eR'(f(x)), R(x,g(x,y')) e R , R'{x') = {/ :(x\ y') e R'} , 

%!*±, /?(x)^<2>aJ.lX^/?'(/(x))^0o MA 

^ :aM (BP g), MMy' x MM (&f+B£#tc>T 

^ai£$&ax). cje 

2.28)« 

2 . 2 . 1.3 

jVJ(A AM Cook-foM. T®tN0Wa^3tffigiJ 

£Kj#«©o 

• $P^M y hNMf , IW'f'iS0^J. i l Jlt1'littl£it#-t^'ffr (Computationally Equivalent), 

RM-. it n ±*?i/rw n gsar-ini —a®att m , 

$1 £p , 2.2.3 A ^ Ih Ml , # & it t- Re TC ® ti P H J@ A t'i £ ft j@ 

S*={x:3* MM (^MfX^SWMffii#) SWaft^aJSa 

Itl-n (WRzTC W]S R eJW)o aw. MMM 

aftMMf&AJSais]-^ (£2.4.3 15), 

• itft« Cnrnfi^A-aft^rr, « ca**aMM8S!/a£ji'JiT, itftISA c 

nmitl^AftKC\ ^MfttneC, #*n'eCtit#n MW!l3^Wn', 

$J$P, ^S. 2.10 TCWHM% NP» 

cook-m^im if j r±n aft is a aftit n ftana $ hw m. a, tm 2.2.215 

a^tB, -mmtMBvs&mmNPo Tom^nm* np (£M2.io), a 
w# 2.2.3 aa##tij. NprptmMmfetim (Ma^tm 

ia^jw ^pa^aMM), fnRmmmmm^imMM (R&mm) cook-ima 

2.2.2 

“^m ”), jJtut. ^naw-wstt^aM uscfsa^anpaa^) 

(Maafj) mm. a^mje, am 

Mt5W£waai5]iWHW< (Bpsis^a^iii^ttit), aaaauizA^aA^ /? 
WMaai^W($lliitJ)Mipm,!HF&Jilii. #A-AA^PioMM/:{o,i}*x{o,i}* ->*, 

%js*nTwa«*ftH. 

(1 )£§ii / \'\M\lLAnl3L W - (^,v),^}ie /?(*) f(x,y) ^ v , /?(*) = {y :(*,>>) e P| , 

$p*±, 

def 

^/ = {(( Ar,v ) , 3 ; ) : (' r, 3') e ^ A /( x ’>')^ v } (2.1) 

i£a( x,v )(x,v)tiia^/sPKiao 

(2) HAHl, ^n£ x, ^ye/?(x) f$i§/(jc,_y) = v^ , It a v x ^aW'^fW' /eU(x). f(x,y’) 

w*Afi, m*±. 

R f =|(^>') e ^ : /(^) ; )= v ma« ) {/( J f./)}l (2.2) 
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$2 v: P. NP fil NP-Vu 


wfcfta. A:&R0'J-/-'t 1 . “ffi a ft” 

&$ ft J 9 (BP^^ ) M f R:sgc<§Mftft. ffl 3 ®S TMM ftIK{tftttllft &# (^tj% ^ fl r fp R) ). 

£|@j± f (BPftffiftx, ^/?(x) = {0,l} poly(H) ), #ffla®lfc/&$^£rW!&II 

ftggft (ja>3^ 2.8)0 

&®i5Mf/(x,y)WTOA-tWH![, MSS 

|x| + |y|-fcJ*W£JK5*;. TffiMAA liStllil'# (BP R f if R) ) A: it 

5i[JS 2.13 /:{0,l}‘x{0,l}* -► R&£3?5^#f^®/?. ^ R f 

mR'/AMUixX (2.1) (2.2) ffifex, Ry^*,*n#M«®ftiKtt®±w. 


f 


7 


&®: 5fiff J?ePC&£®j£lttftTf®fta»/. ^R f eTC» ft^S! 2.10 fdM 2.13, 

ftftifc. M. sa®pj. HP«&&#1|!f«T, /?' e PC 
ja^s2.i3iiE0^^^e<jj4-#mto 

M: ail ott&jg&ft) mmvtm, 

«®ft«j?}. atSK. &mwftia- > H3iW#i. iaa*u; ft-j^MM^/?,. ra 

Hb, ttTfcAfx.v), #l«(ifejj»«;Wfffe)^tfJillNx, #^SiJffittfti?M^^ *(*) = *> 
fi<j^^“±”),^/eit®/(^), M/(*,>-) 3= v, MS 7 ; SWKRPy^J&f/(x,.y)<v). 

Rf {x,v) = </> ftjjf^o 

^ - t;- ffi, nr *f a ® ft js /?> is ft * tt ® fii js R r . ^ & mmvtm 


f 


v, = max^., {/(x,y)} Ot5f^fWflrtgfl«Htattf-^a®tt), v x ft«?. 

^J»feJSL. ffi«J&£ft/#EjE<t, #4-/ = poly(|x|). 
j> e /?(*) > W f(x,y) A 2' -1 , PJ A $fu A x , If ffl j£t )ft ( x,v ) iffl ffl ® s' rfo SO 
v t = max{/(x,y):j' e/?(x)} , JSSKjS, 1 ^^. v x < v ^jUlX^i R f ((*, v)) = </> , 

(SH^itjfcv)) M&g “±" ga/^SiftIB, ffiRTflUSv, (£>J|g2.9)o M: 

S*(x) = *ltt, R,((x,v)) = j, lltst, ftM^v,=o. MB. JiltiSiU 

(x,v x ) , ^r'^i^^3\Ws ft/S#(;*j y e /?(jc) , _@.S v x > 0 Bt> /(x,.y) = v x , l5 WJ, fn {±5 R(x) = <t> ) 

B*f?itai60&#£F. ■ 

&, bpmmt-kr^^m m mrpk$ iwj, #Rm®. “nm&mv* 

fflT Levin-JQft, (-fe L Mg)o 

BP/?ePCJi/pT<£^J!5^R^fH]it#o itbirt, ^S2.13M#T 

.h^ifro M. iiaa R f eTC&J&AL, mR'rsTC 


7 


/ 


7 


)ato, (Wft^^j) tc%, 
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il l? U-jitt 


yctan'tcook-B^^j pc^)^a7^fti(ffii.aiw 5 p-’SWiiftnTtb'i4)o 

&±, ^Xm^% PC(M 3.2.1 

2.2.3 

til W^iWJ S,6 i6£J/£ BUM^-SW« i£i £W 

TXtTWgBfJsXM R . (BPST- PJIH) “/? 

(BPS* ={x:3^s6#(*,>»)e/?}) rTW®*A¥* (BPIS^ PUS). £fc&: /R — 

s* WWSIrIHW^^ J?. 

>/'it±, -**i£isi«£(T 

a) SllSftfc, «f5TI^Cook-!fiM/^*l^, tk * * $ ft 

ft tff-) o ( *p £ # + **!«*&## 

#«) it^!)3M;-prWW4tB*^tRM5!l#iJ^;iaM^!i3^ (ip^lE^ + JJf-H-ifcW) „ # 
2.13o 

2.14 (M$l»JSS'I' M$ P\l H £I’uJHI £. g 03 & tt) %Jk R 

= {*:/?(*)*<*>} MjSftjaMJS. ^ i?(jc) = {^:(jc,^)e R] . fffljgi? MttSf 

5, w^fBia, wm&% e nmj . 

M: * WlS^fnUSm&S^MricM^fnlJSJ&lHlffil^W^s 
#M#P <HP*r£j£Mx. *j»6«(x)), (BP^^M 

x#ij»r/?(x)^^^s)o @itt, s*&fiLhsit£ -R^m^Listfyn^nm”, m%& mr® 


„ m%±. m&mr, s R m\m*m%m , i% r 
(#rmrmt Tern, wm* ®mtmxmm, in*«*rniH*£ 

gJ9&FM. £it J?±Wo 

a*5flg!l3^W4*M±Ji^e^W-jS:#E^: (Bp Cook-M)„ 

—m yc+a^HHW^RT^it—“i tt#f,i” cj& 

53S2.10). 

a aui ;fc j* -a? ivn as m h i< t^t ti=i 4* w- < 4 ,\ if- s£ *- i«i m d -Js ^ 

%x±#m7 2.1.3 2.1.3 uii^ra 

%nrn%. tc cm ?r> w*ws&& : F*ij£iRiB^ np cm p> iw^igo smiim, *n- 

pc+^«5Rnjs cBPip^awgia^acpj nh> is, cm tad 

(I?) Mifris, 

2.2.3.1 m 1 ?- 

m&frmji-'\"M'ti g m?a sat (jait^ G2> am, ArM$iAi 

C^ECNF^) &£•, #%|gii#->h«ati5|JK: 




® «sn, ««iwinni«*«(-ar, SMixaaaigiiiKt-,? oBf.** “xtr turn*) nm%% i 
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$ 2 tf: P. Nl> fll NP-'ic'feff: 


—ffl&to—7c^iSffc^ AT . to—l+^i#>5Lto!Ri&. 

WiJ(0,r)e^ AT o MH-r J^ T + toW£fl*£IS±«Mi SATo &;S$y tf SAT JM \P PC (tip'Cit£ 

sat 4 1 ^^ 

tfrgg 2.15 ( &. AT Ji g 03 to ) £$ N Jg Rs AT nj W 03 to * SAT . 

MJJ. ffi^filja^AT-^ SAT 0tffc, SAT 

ikm%jmmum ^ AT 

iEBjj : SAT-Jfefl? 0. 

&m* tonTii^toM (fti*ii#to!K<i#^). f£. ffl 0 sat, in *3E», 

0 0g SAT ); ^wij, ffl r|<^ 0 

^=5^0 TMtr&tt. ^i'^i4f'; c t a ^i riff in 1 tt#> #&£nT: #5fciiii*t 0 •t’toH + i -t* 

ief ¥ 0 '. M/sm sat mu 0 ' amu ? 0 0 to 

-tnJMttHIKK). Pill^r<— r n , Mr<-r,, &>NSHgflJfflT 


sp frill r -M 0 M-^mrn&l'mmmrfa toT'&, RiJ r, •&% 0 to 


HU 


ill.' o 


•' ±*Bto&&j£0 , Mi±ffl£*?if* 


■3S iH 4. t&'*■—^ # JJC * *$» Bflr to 

*ft«:SM*tfiJto. MM# SAT tot*it5£X 

KPSm “fi” (False) TOPAF/rMi^J# 

“fT, WJSE^^ii^RrWttito* “€”. m. 
MU##**” MJP*WWto^ffltt#«&T. 

“A”. zm pj^rwissa: 

fc'HONs ^WJ.KfllttfflfttoMto^'JfeiftN. ■ 

SIW? 

2.15 fiEM 4 , J?fffifflto! 5 toifeWffl^to®*f»lH , t 1 (NP- 5 u£M 

jh). win, m%jEttRX-wsfcmzimmmmM cas^rnm- 

^MJS^NP-^fnlJK. M^- y MblJg!iliJ4feW k *^*NP-^HJl). « 

m gfij^is M & to jq to ap ^ r m it a m % to m n 

Mm. sftEto^. immir*. ^m-toi^^+^>M^too ma, # 
sto3-*fefniH (msto^^foM) +. (simm-xttojg 

stoiB^pito). ftxmmmi.u mmmi.n. 


s# 


^jH2.i5toiiEffi 


sk 




(1 ) *t PC 4> to il M £ % r, r to m % i«J $ oj iJh to % s’ R to n & N &, ^ L I J 

=[(x,y')\^y”\'£M(x,y'y")& R.) „ ^12.6 toijKPfl + Pflfil&itk^jiSTi^ltliHto. 2.14 

toffilB+M^Efll. 

(2) Xt^#^feto 2? e PC ($P5 SA t). ^to^M^J^|nlMoT!/3to^5 fi to^M^J^m®. % 


® m*ss--R«* 0irJF« sat 

<!»L>.IS£2.1l -HUJSS2.12). 
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u Wixn 

4> S R = {*: ly$l%{x,y) e *} . SAT MftJfc&teKlJSB, B3»i£# 

oj y t£ii£ a 5 ; ij s* £#1 mssj. £ & to$!fe. 

(ffcfll&tBin&S/,* NP-^£to, »4. MP £S. MJH5H5Ht$5Sj,Ji 

NP-^W, SiffiRlfittAS,. IslT^ibat—S^WWife.) 

(JB.53j®2.14, 53g 2.15 *n53H 2.16). 

a ^ g jei ^ tt ^ m % i»i is w a m , m a % m js *4> * 1 # w ^j fa js h y 7 n w && m . ^ *h. 

it^-aWfSST <$nfiift»Sfc#A¥ 1‘nlSMiW). #£3:11 tf,,/? 2 e PC, 

jgfag ( BP {jc: /?, (jc)^ <Z>} = {jc:/ e 2 (jc)^ <p} ), R /?, Ji g flff £ 4^ ( 2.17). 

m, NP-^y^faii s mw, 

s NP-uE^m (BP R<EPCi$.m{x:R(x)*0} = S ) 

oT##1%M£ 2.15 y^ 2.2.3.2 U + 

2.2.3.2 NP-3E£l5IH09g!B£)ft 

m (#&#: NP-££'|i, £P*_h, 

¥ 7$ NP-££'|£3j£X (PPA^S* !NT-%&iti, iP%SeMP& MP 

%%s)®r% 0 Man, ####T3£^M4i*Hfc#ii&£ 2.3.1 ¥ + ( + ) i#i£o 


—JR1#&1T, * Mfi^falSftttM. SI^IfnlS + ffl^WJNI^NH (BP 

S« = {*:/?(*)*<*>} ) M, 4 NP-^£fa®M —H (NP-f££) 

mm, np-^pjmh 

ffl^W^NP-fiE«»«3KHJSi5JiS!Q^W. 

2.16 % NP-5r£faTO/?e TC,R iftSM^njyift^ S* fPj/Sw 

£lJ£o 

M^urnr. ^tfrjS2.i5 wiiwffiflu. 

yTiEDi'f^ar—ftirwe^fe (a£*®i#«TRrfi&*aP4 “g$n, 
ffiaj: *7#a*w*/? m^^n^ms R , 

(1) ^S^faJSl R S' r = {(x,y') :3y"^'^-(x, y'y”) e /?} $]f$.<n¥l\>ii° 

±-g+ifti»7 (feJB* “S#” w-ifc), tirJB 2.15 STOJM^TMPa^ (ifi]££ 

a 2 .6 w iE m 4 1 m m m ^ x j m # n m >. 

(2) 'ft S R »3^% S R <. 

ati3^ii4fiss { f wp-%±nmms' R *np w*«u± mm-. 

MPa^MarpM, 'Sawyji-# j&go. 

5tSf#iiEo ■ 

2.2.4 J&SSX-JttttjR^ 

nusstff]snm (zm&atm (**> #ra. 

Hansjfpian'Wjftstja^ji—^iwHsnwa^jffe. 

“e^” (“M”> szffl ; sp^s#pa 
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$2 v P. NP fll NP-nitltl: 


c^rr®) a w. in 7J M n®iWj&U& o yiS: ftn-^n'i'e]# 

* £ J3j A ® ® 0 ® ® $ 15 4 A g fcfc _t & ® & ffl $ A7 a. $1 to, BP f£ £ #. & ft 0 ® ; 4» fit; ffl H# 

n'W'MStwife, tii aj a n ® a p$ 5 \&ff; jj)j, tea®#, AA)$. WJ 

nnT^BtlaJ t A AftA _§./(«) = poly (n)-t'( poly(«)) (^J$P. /'(«) = n [og: " . K'J t(n) = «° (log "*)» 

With, nJf n'2 .ihj£ m A®®ai®®###., $A 7 n®n-tMM4:fflrr'®n-j iwjH 7/f A 
>7W®I-Jbi« 

ajg m n h n ' ®®rnj® nm %&wtin -ft jr . 
mtn. timin', (bp^ha*, 

4$4ifON®K;SA0(H)). MJo, AAi$, Pl'JnRTSB^fB] t AA$E Affi 

a£./(«) = poly(«)-/'(0(«)) (.miQ, S/'(«) = 2 V " Ht. /(«) = 2^). 4—icEL&Xj'Aitl 

M 5.2.2 Ur. 

“IE®” JScfflffl&, NP-£4Mi6 <jE.2.3Uf) JiE&^i&f+e 
®® “ft®” M®;i£®, MinT. raMnnj a^ jm a u*fuj|A]^®$ijn-, 

m\mn'mwmm, ijntim®TM-®. m® “ie®” &ffliMir&n Answer. *rm£#uj 
nM^ri?®. m&, “fcm* m 

#mnwnr 


2.3 NP-^ 



!£7 P-vs-NP , ®Xj NP H B-J , mU'ii£M\ p ll (A A® Mil) EE 

m h 7M7 Po *&®tfm>iANP^p ®fife L TiIW H4JS7Po itiS. «f&uE®HJS7 
P, !WjNP+e^->hr«iaiflJaTP (BPP=NP)„ NP A 

a m® m h. antsNP-^ttsteMatt. 

NP-£4'I4, 

NP-£4f D lM&i#£'f±4£W4At£A ( 

#p SAT, ^*7 

7 £##7 NP-^4'liAj&4±^-* 7 Cook £SilWIfflto 


2.3.1 

NP-^4®®feit^A®ffl7fy^|HJ^„ 7®7Efl'JiEA^Il! NP-5fr£$&’NJ® (aR AC- 

5c4®®> wsjfii. 4w#maT. iRian® NP-^i4tp^®4^r#: 

(i) nifEfifi^ am&MptpMTC*, iimjsfc7n*^N®M!$^rRi«). 

3.M NP-H^Mi® L74/A A A EHAfflffi.e;® Cook !0®, Karp-j/3® (aK 

Levin-fi®) NP-5E4^-lJ^ («*) N®® NP-5E4tto Hlth, 

N P - A 4 tt il ',f 70 ffl ® T AII 'I'J ® 4 ^ A 07 1'nj ^ ® m 4 A A A o 
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ittni&tl: 


fex 2.17 (£|£|nlSM NPft^tt, iltr s Jt NP-%±m, $n£ 5 Mft 

MP, ft OTP ftftlcilft TO Karp-fi^SJ A, 

—JVP-MHJ, £PH l/Vyftft/Sit^TO Karp-jQ^iiJii^-^. #$±, a 

M$ftW&f£—£1^8 Karp-1/3^J Cook J0£j), WISfflft 

jftftftj NP-5££|p]J§ftft^ft£tSo 

££ 2.18 (NP-^Wa*fRlJS, gPg#E&) -TU^m 7? Ji 2>C-5n£M, M R MT 

PCE. PCftffit^TO Levin-jQ^jfiJ R. 

mis, ^ffi*H®ib^NP-^w (M#yc-^)o » 

i4, « yc ft am a % si u 0 ^tj^ iej is, cm# tc- 


«±, np-^i'p3MW#»^«S^Wo S#WNS*^fWfr“ffl 

ffltt”, (£3) ft® (BP NP I'pJM) W*¥&. 

2.3.2 NP-^±faHto#£1£ 

NP-^£fagM#fttt3&^fn|g:fc:SfI®®, liHMlflM^ft “ SM” £fl NP-5t£ 
ks, ai^iJiisst. «i£iMT NP-ft^itw 

£3 2.19 

<.m tc u & w” (srpc^ws^nh) to 

%mtnTfeXtfj&% R u s u (BPS, = {x:3yffit#(x, >>)€/?„} ). 

IUN — ^ M , fttr?IMx = (A/,;c,i'), Jtft m 0$£M) ISMMftJJS 

&. **£?<?$, /^iesssc. ^Tis/s^-itfi^tti/t, timmm^ib cm^-iam 

/?„ A/ ft / ^l*lgcSiilA)^(x,j) , 

®tl/S^^5/={x:3^^#p,>')e/? u } ft-^ft£lfi(M,jt,l')*S$, £4<#l«A/ft 
f it) Sc :§: ft WH2 *£(*,•) KiA. 

mm, r u mt pc ws u mt otp* «±, &mm t 

«rA((A/,x,l'),>), mih MlQ(x,y)tf) it#) it# (^14, TOf#?iJS„ eOTP). SIWT 


® nm*3l*|>'|s£r . IPS* Ml “lir, BP£#taBirftgiftiiJ#f'frMtlA, 
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SjV 2 y: P. NP fll NP-'i^tt 


(Universal) (BPilffltft), MuEnjM^WrMSyffi(£- 

M&&M R u 10 S u l:H NP-01 alto (BP R u % PC-MW S u % ). i‘ 

ftiEW S u o tSl S % 3^P 4 , - y Nfl'S-. ISIii R s 

MS^I, BP tfe PC _0.xeS, \t%{x,y)eR . ^ p R % R 

W&ft (BPJttffifc(x,.y)ert, H^ /»* (|jc|) >- 4 A/, 7? (X*£Sto*t (x,j>) ) W 

rijrt^jsl— 7Karp-sto#^ 


dcf / 

xh*/(x) = \M R ,x,q 




(2.3) 


XRxzS 3M5/(x)=/m #>i ,|' ,M) J€5, o 

/TOI&7 s. M R . p R ftt R (&®Xitx 

&^s). Hitt:, rt^m\ximmmfmm^T% m r , mu, kma 

\x\M%^mfcM%m&. mx, aiciijxesMix^# 

&.y |^| ^ p R (|x|) JeL(x,>>) <= R <> Etl 7 M R ^ t R (|x| + |_v|) $?fa$£*xl(x,y)e R , iAPffWxeS S 

PLiX^#^ y |.v|^p R (|x|)iiM /( ; jt/ R (|x| + | 7 |)/^rt^'S(x,>’) o jS#lfciiE0J7 xeS ^iH 
fc^/(x)eS.. 

^JIR:fc£;fcfflPlto!9to. 7 7 -7 415 A '7 $1 x (/? to $ #ij) , )£g # $ ft H /?„ itO fa) 
, A/ Jl ,x f l , * (w+W(w)) \, ftmifiJ, 4nSx«5, PUJ 


/ 


A 


eR u . Kith, y? fij /?„ to Levin-JB to 


W x ft y, {x,y)sR (w„x,l'* (|,|tftM) ),>- 

1^"—X-t b£i iS((/,g) , K4 1 / Karp- !/3to, Mg(x,>>) = .yo yi^: '^SF_hX't'fi;g; 
(/(*),>') ,e/? « ’ ^(x,g(x,y)) = (x,y)eR . ■ 

lifHHSi'ttfc 

asiya*,, tosjsc* pc„ ffls, %mx%R,!, 

({M,x,t),y), ^P*±, W#toM»J£7, /?„ + toHt|51±# f &— 

7cto, ifoSy?„'7J^-7nWo 0rW, * 4.2.1 JU+^miaslfestPJ, V toricM^I^RTIIB 

def , . , 

priBumtoa^ft®. imm%.&R H ={((M,x), y y.M{xy)=\} (ii^^iif?#ifts*B*>. 

jji pc 1 1 1 i : pj ft .#; 7: jg) w ® m ft ^ oj y KzTp-nmmm^m r h . 

tfftjfctoftAIM?#!., JeL*P7«uAx = (A/,x), 
l±j y f$-ff (x,>>) e y? w ^ JeLIX ^to ;> ). 
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ii mam 

_ • - # 

2.19 WM + tHM NPOc^MH-^ W^ftWtil 
(Bounded Halting) (Bounded Non-Halting)o s~F> & W ft 

TrfllMMA# / (— 7C^7F)„ ft ft W til (s&ft'ftftWtil) fnlSW^J 

ft (-KJS^ffiJst/W) (sK£/2£rt 

Will), MSf5IS^*^l±JS#—#IA« 

(Program Verification) it^0IS 

if hi w im a. ®& m n si : w # f? #i n && s % w& - ® * i$ 1 1 ja so &t* ra a. m f^n *i ft 1 *r if 
$■ ^ a if' in w g p?) o 

liiF.fi, i&j^Mn]aiB£NP-^£W (ja^H2.i9). (#l£) MH#^£ 

IF (Bp(A/,l')pIW|WIfft^M^J^NSWIlI^ W^^fJ)o ® 

(BP^CP* NPlftftnSM), 

SMB# 

PJtt#-fcJ#Mil'£. M«r#R#SHifllPR^7^«[Witir. #S'Jiik, 

M5#£-#aA, ($Pf*#L). 

S—(TO “ft 

g&to” isiawa####® (mm, “gMffl” &-# 

m*m. ^^m'^i\-ftticM^amift\^m)o 

2.3.3 NP - m±mm 

&n%. 7 NP-^£Natt#£tt:£B. NP-^fnlM, 

(Efllife) ffl^o M?SiHAfnEi^MT±T-^iT#|nlS (##£iSlt[85]+ 
?iJdmiS'T-NP-5££MH)o 

(BP Cook ^a), 

HM NP-^W„ g ffy&m'l'>Mtt NP-££tt£ifeM#*, WSJfMBJffN® NP-^^ 

^a 2.i9 im'tiimmmmftjk “M£kt, (M m np-n 

Ho ibutfiift, £p*±, NP-jgasi^BttiiEijaM np- 

NP-^^t4p^jJCo mm, -M.mimmj~^ np-^ 
£MH, *7ffiHJ-^§rMHMNP-^£tt, »mfcB$inMNP- 


® kj®#«*- sr®*« f-«*M±#. *$±. isms inimt. #*y£&j£<sHH4i>r*r r*F 

/ LtwiuAWi®/i^rtffia. shew. wte#*A*«w«^#»2.(Bi#iiAi^*/-p(/) w, a^HJBiiiJB np-s^m <a®p 

are)l»ft*®«A. in p(n) = n 1 , (TiJ^F—p(n) = „ ). 

© #$±, (w,t')^nrawfiiiw^w^MKW “s” -mm. iH.^tfeF«>r<w^Ha&:»#««. ®*±. 

«f))T#nlftKW®W(Ar,l') »>J=#: WiJSlrAx (fe*s^3t;/). *tJ£®«rAlftl|.i HfftHHAA/® 

'£•«. 
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$2 v: P. NP fll NP—'m 1'tl 


% an® js ft si & a $?n m . &!&±, ffi*&Mis:fcii*ATffis 

At«#wifrB. 

IS 2.20 inn—ANP-^fiHSiiRrisJuaftA np A^ANUrr, Un'tiiJiNP-5tA 

ft, 4SHf®7 Karp -J0ft (M Levin-0^) ftnliSfttt. 

&W: ju*±tk, n g n ft np- h m tf m %f np 

aiaic—A fniJHfPTOftsjn, ^MtfcTOftsjrr. sitk. ii&0ftft#ijitt (J&a^2.6), 
np AiAtiaMTOftSiJn', mx< n'^NP-Mft, ■ 

2.3.3.1 CSAT J§ SAT 

#fSWAfflAftit#NII: CSAT m SAT, A SJ A Jj£ A A 5}|J I; Jit A A ASfrfJAii A ft A 
iiJ£tt (iiXf f I>J-T 1.2.4.I f W, CNF fc5£ftj£jO. 

£iiW SAT A NP-£ A'liEf, IW]£&if $ 7 fc&'®r»t£.t£ ( CSAT) ft NP- 
M.itiJZgj&vEWtfi', i^TTl'XAAAS SAT A NP-^AMW + i:*f-AMA 

2PA: euunf 

CSAT 

fSAlH5*§,6lfcAn (Gates), ffiEAS# (2 AaK 1 7C) 

3uAisJ¥, Al®£. AEU^iSS^AiS, Wa^A^AiA 

ffeS& C*t£iuAz ftMiE 

ftC(z) oftfnS^®WJ6 RW—4 CSAT^#TW^$t£M^feJ&lS'£(BP 
Alft C If CSAT, in*#&-ABA z, ®#C(z) = l)o Aft — AA^ 

^CSAT = {(^’ Z ) ’ ^( Z ) = l} ° 

£fi 2.21 (CSAT ft NP-5tAtt) ib A CSAT (WL%.% A: SAT ) ^ J7VA-5u Aft ( AC-tc 
Aft)o 

SEW: liiECSAT6^!P(^/? CSAT ePC), SjItaMKiiEM NP-iifi, Sj£#JSSJ£JK 

failffl!/3ft (fE— /A), ^flrScft NP HJgJBftSJ CSAT„ 
i.2.4.i aakai, miitm tiaft. 

M XfAiiA (*,>>) ftitl?, X AM, >> AM (ffi 

M = poly(H), 5.^(x, y )Th#ftj^^»A|*|+HftM^). Silk, 

A, M^T^A^S&ftilAo Efei&aiA iBlfC,, fiA^A “Jg”, A/ft 

BP0f@£fio £i+#AfflitSiiEftftA^ (“#—^^S&AftA±fe^I#^^o i£S&ft/I 

SSGAAPIJliJ MAARfftAAftA^A, AAA A—A Pff Pll A A ffl A ft il S Jg - A IE a A A 
So Sift, %E&c t ARWB-ii (^^Zl^Sffi, S-iA(AM^) »Axo A® 

£A*J£*fA£j£jt, *®#£-Ap (H = poiy(|x|)> \£%M(x,y) = \ (&ft£^Sgrt) ft 

l«]MTOfiftA, ^A#A y, f{|c J (y) = i. AA M/AA A A A g AC ft#l2§ yw* ± Am 

S#!Sft. iitbiEPS CSAT ft NP-^Atto iiEPJJShSinT. 

IMJft a KH A 5 e -'NAHaftAJ CSAToi^Mi&ffl^S 2.19 ftuEPS A#r£Sft R* 
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■ ii nutitt. 


p«> M R mt R m r% smm^, 

def 

ttift->hKarp-!B£f. iaf£/(*) = C,, tt#C,(j>) = l MIX 

^ A/* it (|*| + p R (|*|)) (x,y) , * e S y e {0,l} ft(W) ffi# 

C v (y) = 1 (BP^fiiX^C, eCSAT ). tfe&& C x |5|&fg x. M R , p R *P t R MM (£4> M R > p R 

pMm^n#. i+nnmft=t R (\x\+p R (\x\))B>, 4bjsmi, r*.t+\ ^spir-tie 
a, wasgnrmw* t^n- w. 

fix (0U{1}). 

^seg^xy^iiiA, m R { x,y)^vxMB~wmm. 

fff 1 (*£) =JjRtote£ 

m& (JALM2.20A ISA, ±^ifSilSnTW^^;—t(/+l)x/MP£?'J, &+M«-J3iXf 

Muff. 

«f-335ffl®s»*wn*^, ac x ®inr^w, 

fijSgj&A (BP*) M “”, (BPy)> KHftAiR. tiaSIt* 

itt, e6s&Wp«(H)^ (“*&"> ^a (xfgzT j), 

o(/-p*(H))^n, a^istsirsis^wffl# era 1.3) mm. «±. 


mitt, 

c x aWA^RtJnn. JU m. 


£. ££JlsWfEOrtM, “3S-ScM”, 

o(t R (1*1 + p R (|*|)) 2 ) ft&ftBP njo ® 

(KiiE0Ma®iit, — czma 

RffUftiSM) mm Cobham-Edmonds £3, 


® iSffittffl l.2.3.2 U*t>Jty»A«r'iA*A:i£Mi£A. iffiW W.lftAM;6j&#7nfs E #l. 

© Sffi««f&*S*t l-f9#llO!flrW-jSif»fiUiiO -t?. Mil-. nTWtStfiirWiJt 

® »s&±)&ji¥-mfmm}im c bp!&»««* o^dxi+pj,^)))). E#^x«cii 80 ]. 

® *&±. «0f#e(«n RAM *9) F«jga#wmssir-7F:®^. 
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W »V- 

•45 2 v- 


P. NP fll NP-Vu^fl: 


BtWrtRNBMfaH “^1" i+JTIIMF) lii"T[i3-^ (*#) 


(Ua) 

Or) 

(0.-) 

0',,-) 

(v 2 ,-) 

(-,-) 

(-,-) 

(-,-) 

(-,-) 

(-,-) 

(3,-) 

0 ,b) 

((),-) 

0*i r) 

O'jr) 

(-r> 

(-r) 

(-,-> 

(-r) 

(-r) 

(3,-) 

Or) 

(0 ,b) 

O', r) 

(v 2 r) 

<-,-) 

(-,-> 

(-,-) 

(-,-) 

(-,-) 

(3,-) 

<l,c) 

(0,-) 

\ 


/ 





(3,c) 

Or) 

(0,-) 


\\y 






Or) 

0 J) 

(0,-) 



























































SJteSdl 

(HAMOiV’O 


mmt' 


2.1 ss«f#Ano^. &m io m\-mmn. &$■& <-> 

3 u+w 3 mmmmk' *«i»w#i8*s*a 

SJ.lXSItA'p'&'g—1- o 


/Js 


nsj*«jc x . mmm, m±, c x ( y )=\n&&^M R &m%mftt=t R (\x\+ PR {\x\))% 

iS^'x:lmA(x,j) o i T-S = {jr:3y,{£f#|.y|sS p R (|x|) a(x, y) e /?} , M R njffiIFjlXl t R R 

M 1 ate5 2 ^ ii {X ^ f(x) = C x e CSAT „ it — ifr ±fe , (*,>>) e R ^ R U ^ 

def 

(f(x).y) e /?csat o Hitt. 5 flj CSAT fa Karp-!l3fa, g(x,y) = y , ( f,g ) £ R jlj R CSAT 

flti Levin-!i3^ 0 ^Sf#iiEo ■ 

SAT 


n'i^'/llT^ (CNF, Conjunctive Normal Form)o flj SAT ^^nJvptiAELfa CNF $u5£ 
( S|J —tCNFlS<Jlf SAT, <2>(r) = l ). 

fa— TC^Jk R sat = {(#>, r):<Z>(r) = l| „ 

^il 2.22 (SAT fa NP-^^tt) SAT ( &%}& R SAT ) M. NP-%±&] (fig TC-^± 

fa). 

• fiEBJ: Efl ^ 1 SAT CSAT £ftiJHfaT^, SATS^P (sg 

^AT-ePO. AilEBfl SAT Ji NP-Mfa, CSAT !/3fa?lJ SAT (jpJJSlfrH 2.20), Mfag 

/S£3IA$itS&£*3tel$ffiR (g “$?”) “ajfij” 3jg “y£” (.til'MiMZ) 2 fatfegfr) 


© WAG.2'|'^,t,T3tte^X. 
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wwim 


W-£&, f&g&£W3EPKj$A, #-ilnm^*CNF?£5£o 

&*i&iwiw»jt£M. m cnf 

14o^$fl,$0^n gate,fP gate,gU&H gate*, MJn#;c |—^ o-^H. M#liSWijSJj$M g,s gj, g k 

&««!£&#&- (ft a g y ), &«m^$-^4^hjW 3CNF, T = 

CSAT Karp-®W;*J SAT, n -tidA^fn m fllW/^iM C, f 5fefaiaih 

m i£ n+m ^4'HU n tfeS&WilA^, ^tk m ^ 

amfwwn. 

hwiisaw 1-2 $s c bp 2 - a * nm “ v ” n. m * - ” n. a 

( nmm&o 

Jtd, (BPlRin+ifAffi/SW^PJMWiiitB). &M 

CNF faxl (&|S*±£ 3CNF ffijO. ®tt& m >h£ 
BJP^#ilJ-^CNF^ii^0(jaiS2.2, m>n = 

3. m = 4)o 



JS 2.2 mf8ffi&)&m (BP g, ) ST MX u ft%\ —'MWJ£*» 5 fl<J4i& (.-%% CNF ?SsO. mi\H 

CNF l£S. dttfcBJEjjs-'HEJMlA, C^£3Mn#&nM 

s m>. fi«t3E**viiA*jRj&*»«naiiwn 


cftit, MM, cSll<z> = /(c) W^tJ^i^iI 

iWfBjRrtt-^lft, HcCl®TW Clf CSAT 0 JS^F SAT, 

(l> imc{s) = l, HiJ^H/ > NltI&£*#Eife8& caitiff nm i 

^nwfi, oIWf#PJ (-5*—&) 

#»SU)IW CNF ^QitLUS-^ c Width *B;£$WMo 

(2) ^ —2fffi, $n&rfl!J£tf, WJ4- T c hfr n Ciutu^ 1 Wi5Ao 

J^EhF m 'Mf&MW CNF fajlUvETZl <t> tfiMEWMgf C^f r +HU n t m 

Wit#*^, W-5 c Width “M” c mmWA\% l. 


am: Jg—(Eh r §m n tk#M) tftg Levin-®W W/hJ^MM WJI 


>N 


® rit CNF m&. ( E|1 2 aK 3). fSL jt.SiiEfiWK« 

»e*» ; F 2~-3(H*-eEntg^*TafSKttft®iSEiTa«iApg) 
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$ 2 tf: P. NP fll NP-Oii: i-fl 


7 Karp-ltd£<J, W Al/if iP±i£#J^—7B&M2. 


Mjtk. mtlvEW 7 fM. CSAT m SAT 
Id, njIsi,f#flj ill /? CSAT S(J tf SAT 7 J Levin-!) 3 ^J« ■ 

1&BJ 

ft Levin-M^ft £K) 3 !- 7 l^l 7 iillf. 

£|S*_h (JEAIH2.28), ft Karp-!)d^jW#L§y^ft, 7W7$t3fr W^sWim+ITlftlJift 

M (l&Trh— 7 H® (£pcsat) --7 Mil (sat) 

($R CSAT) ($R SAT) |R£M7J 

t$, (ft;®: ft Levin-!tj£a& ( JS£A. r f 1 R3c>£'FrftB£Mfnll—7$$ 

iUlR&t't)c $I#P, ftl-l) CSAT flj SAT itt Karp-0^ (iiift/) fftlF.4flttiE4] 7 ■ 

h IP g, ^#(C,5)e^ CSAT M#7(/(C),/7(C,5))€/? SAT W&(/(C),r)e^ AT ^7 

(C,g(C,r)) e /? tSAT o RfAJtil. ft)£S 2.22 fltl iiE PS 7 > ISffl /j(C,5) = (5,a,, •••,<*„). K4 , X|a,fFl 

«{t^c(5)ftii®4 i m/7nw{4. Mg(c,r)^rW/7-tt:14M» 

3SAT 

ftM: ft&3 2.22 SVuEBJ^. Et3 (CNF), }t-7^ 

77ftiM£#3 7^tt» Hilt, ±i£M0^j£P7±uEPS7 3SAT ft) NP-5£717 (B|JPBffeU^ CNF 

^itlftSAT, 7M). ft Al ft If# Hi. rTW^SAT (BPCNF^WbT 

OTftfl) Karp-fi^fJ 3SAT (BP 3 CNF v'gft 4 j nj'/wft'ft), ftMiltBI A »$t, fflft 3 
ill §|5 ft oT R 

ifrlg 2.23 3SAT £ NP-5S7&7 ftft, tiiUft 3 77 

ft7l#«, iSfp]ISiJ5JtNP-^7Wo 

-uEs^mn: 3 sat mmimmmxm. mmmtt$LwnrK\am 

mm. &wm%, jp*ffl®j 4 z (l) / ) ,- > 2 w ^f$» z, mmtom^$o%z {M K^, 

/=1,2, •”,m(3^M ot+1 IB^7 1)« □ 

IS ^ IP] IS 

&mm sat wm&w 

mmmn^mmmm, s^7j»ftjg-##sMWMs* np-m&s„ &Rmm\m-^ 

mm 00 ^ 2 . 23 ) R-^ms. cjjel 3 is 2 . 25)0 

2 . 33.2 


*77ft*S NP-££i&Sik + tt-£gifc*»iiEWft*5 ( ft & it # ft M 1*1 # i£ 

!)3*<J$&*5 ) 0 All, 

*a^ifc7Wi7£ft@Ml*m ftinRft*fl5t7/l7®iAft)l: NP-5S7&J. MRi4iftft 
#raJSWai£JK*, 77ffl7AiHA7jRtfft ttftiiift ft f IJ 7ft- H 7 ft IS 7 ^ M ft A M 7 

(M7-ms^a<j^j^) a “Mi n "r 

"&” AM) (Pji'pJISo 2.4.1 ft 7 it -ftitft rftffftftmftftftftftff 7744 
mmwto np WffiPS, «±, MR- np 7fWftft 

np iS^MiEBS^IS^MWo 
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ilY; 


M'aWM. ( Set Cover ) 

mim^kSu s 2 , -, s m *mwLK, ms## 

c§^) i^, nrwMU”,5, =u: =l 5 i )o 

^j^2.24 ^SMIrJ^NP-^Wo 

tEWM,^: SAT flJil£-|SMW!/3Wo m ^=f ^T||n * it W'nlfXjEit 

0, #lS^\ < ,5 1>/ ,--,5 B< „S n/ c{l,2,-,/n}, £7$,,, ( $LS tJ ) £#31 i t$iill^ <3R 

ffi) &t, a^£W7^WTf*i5£-o tefltJtifc. Ml? (s£®. 

&), HlJyeS w (^yeS l/ )o &*SI0rWi$ 2#i 'tUTrW#*^ 1 {1,2,-,m}. M, 

def 

a <p , m w £tg*& Hi ftk& m m r«j a w %m / (0 ) =(( 5 ,, s 2 , ■ ■ ■, s 2n ), n ), &7 s 2i _ y = s„ u { m +/}, 

i = 1,2,—,« , S 2/ = 5,- 7 U{w + /} o 

ft*: f Mgma. (Mf I a] "I it » W , # J. *11 £ 0 *f ^ r,r 2 -r n nj M & , WJ il l7 
jS 2( _ rj : i = l,2,•••,«} Mi {1,2, •••,/« + «} o Silt, 0eSATH^ /(0) ^inIil"MK) 
“Ik” 3£$Jo ^—^r®, i, ^a - {/n+i,—,/ w+m}c{ 1 , 2 ,—,m + «} fitifi®:—#fiEJm7i]& 

M&S s 2i _, m s 2i . Sltt, -a^-T « W{l,2,-,m + «} W —#fSM7&'£S 2 ,_ I s!U 2 ,, 

*BM, MMgr,M <BPr I = iaj.(X^5 JI _ 1 JSTM), 

|S 2j _ r . : i = 1,2,•••,«! SMT {1,2,••■,/»}, r,r 2 • • • r n 0, Blit, $IJ:3k 7(0) 

□ 

teSMfn 3xc 

f^31i^i^li«, TO;£&£77$£7SM7tefflW73l^*S£o EP£ii7§ 


PW 0 e SAT 


nu 


7W 




^ n 


®^ % #ijitPBf;ijA 7It4’H-a 3 7 t£ 


rs y 


SIJ7 (3X0, 3XC fM 


>«-»■ ✓p 

f=l I 

NP-7^tfc7tttiffl (ft 3XC jQ^PJ&®fplJa) 


2.25 3-^5*ll'n]Sf NP-5c£W 


h Ff' 


:£0 M. NP-7t£ 




sETfrWj#M£)» 

vEwm%: mnmm 3 tr^ft 3 sat 

MiS|Jlfi<l£rejfi*. iEffosc, 3 (WM-'NSWa^W 

mmmmbK-)* jum, &to#w^3satw&#-#£#ij, 

& 3777 ^ 7 , Mfrfflusiii^SKWKSJ&NP-^-^w (E^M2.23)o &rf±, niaa 

—3SAT W^^®a^ y h^MS^tiimffi®7'7 / R]^4 1 o ®», 2.24 iiE0J3 

^mm<h m 3sat 3sc, 3 


k 7i^ 3 sc nmm rt&^aiifniJ®wsPRi*5i. ia^3Ac', 7 , 7 ah 




3 






® M«S. JR^®»WW#$X (BPS^jffWAT^flt^. aE.€^f|-Ar4-*^) 

® «S«fiJliuS 3 ^dlUli/AP] (BPiSmtl. i 3 c*«), 

ArfliiS'jlittAfi'fBW f llluTWA^W'I'S'nSW. 3 JJcW 3 SAT 

WtT-tOT. h, a-^«**S2J3atj«ifl. 
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■$ 2 V P, NP fll NP-',£'?* 


Mo jQgpRF 3SC ’ ^4 , C'^5 1 ,S 2 ,---,5 m 4 5 0rW 

iaWflEflln. 3 T'TGiS, 7, Bilt. ±&0W 

«mi77BtNrtiiifo ii# ^9&fiED3^ WlEfiltt. 

mjs, mixc mm 3xc» %m3xc^-^m((s„s 2 ,-,s m ),K), =[#»]. 

hn%n>3K, “W” gffl, 3XC W® ” $0!l, MJSrT 


1IL. | 

VXffii&x = 3K-n^0 o tiM: x^^'^K^'M'a. 3 ^7tlfWfa^ISM “£gtk” 

IIWl*. Bltb, X fcftn+\r-,3K, 

MSimmMiTs i R{n+\,-",3K}^{tm7tmtf) 3 WmZ, ^|5,.|=2^, jb 

^^•(s i u{n+i},-,5,u{3x})^'f-t#5 i , ^^t^aws, ffl^'B , s / u{y„y 2 }'R#. &m 

y„y 2 e{n + i,—,3Jf}S.y, <y 2 . 55 ftff]ZlpA{/i'+l,—,3JC}MSfWRTtBW 3 & 

wlt&j&t n 3 □ 

mgMM., &±mmm 


m^^gfflifewrnijs aimma\), *£**&«* isii 


'J 7'J o 


Xf (G.AT), G= (V,E) WVi&.&fttE (§£) 

(BP g « 

±, Kl#ii^(5 v ) t£f . BPpf, ^4> 5 V 

^Ifiv®raiil(SPS f = { e e£:v 6 e}). Silt, *£JSJ6W NP-fflXHttRTiM 

mmm NP-Mama^tij ai«&swawft^msbs 


pi <Sjhl7E 


NP-MW, MraMM£SMM NP-Bft). jEgffitW*, Rffl 

£it#±W (iSL^IM 2.26>, BiltR«iiE^=#^.—WNP-ffl3!|ttiPRr. 

tftJtg 2.26 I,^ii, a^ipfflJiNP-^fnlJS. 

«TlB*f*Ji “#>T ( JH3M2.27) 0 *6* FGLSS-03# ( iSL^ft 9.18) 

*32LMjfi^5ldm=ifo £4, 
tk “#>£” # 3; #Hl3 # X $# ii&f „ 

ffilBfE®: #iS£ 3SAT HaS*fnIHW)9W. XtT"# m *U n 'MEiW 3CNF ?Qi^ 
0, ttig->h#7m'NJJ/&Wffl, iS^G^o *US3" <Z> 7 1 !# m 77 

*U. «7ffl7&Hr77]f£, M3 1 7 a«l&J£&7<uWXtett<t (^T-T^ + 6<]3tM^ 

M)o P£7 « 7ffl + W&5K &ia, aW$B#JSMt, 

iPtoll*r*i77^W**t«f£W (nr«IJ£W) (oJyiTtW) UiM. 

*-&. PUJSffiJ^TPi^Blfin—&i& (gift: m aw 

Blit, )^TiA 0, iBWfctH—Jti(G ! <> ,i»). 

a*: MPKUr «£<*>, PJ4d3ri^^l±i6<]^SZ7 1 ^5>pT?i^.PKfIW W 

iI^ y h^AL*7 l 'B'^75|5g m^aw®^). Bltb, 0eSATM.'5%G iP f P : ft—^fflR%im$} 
a**. a-2rffi, G^T’Mtl^j m Was:**, £^7M1&#*g-7a, Bitbi^tij 

0 w—#RrsuE.w»<t <p w—a— b*£ 

#j.-7^7*g#£SWMwas:ispm^ 

#a*J£#JS^W!«i[).Bj«:, t®%G 0 ^Mm% m wa&*.BiJ^eSAT, □ 
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HiT-U/jW 


(G3C) 


#gS2.27 ffl»3iirtfeHaj|NP.^ftfl. 
ffiSJJfcH?: 3SAT \&M$\ G3C ftjg. 3CNF « <t> IjfclifAffl G 0 , K + 

W'MS&m tm*. a. 

• W'Ht ground fP false, *—#rMi£. G* Mttjg—ft 3 #fe2f 

ground (g£ false) ift IP!■fefft^J ground (sK false), MI^HftlP! 

true,, 

• 5xMWimc¥- ( BP x ^P -ix ) 

^LlBJWiitl^, ground fig, Silt, #G*ft«J—ft 3-#fe^rH4 1 , 

true, falseo 

• ffl2.3+»£7W^Cffl*JRM«l#. Jt+fiS—'h master U/S, lfif^ M, 3 

T\^ T 2 fH f 3 o master !!/!,£,—; ground fP false , Silt, &G 0 $} 

3Jta^T3K4>, master true. B|JW 

true fP false £K]#M-£, false.-^T tij C 

m t &7 7 «j fy^w«t 'A *rs®*# 

mjsrt(G uyteAM^*®#) ®£p®2.4#t^. 




r. 


2.3 in*x=>>, HiJ^'Wx=y= 1 

Hilt, HU M tt^^Sa^fe x 



® 


ftlS. ufWffifflTttljSW -fM. <£*B&MJI&«!»> “ttStfe*". 


awffigl (SH-'MfMiM {■ 
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tfV 2 v: P. NP fit NP-A Att. 


2.3.4 gE^If P NP-3t:£(ft NP 


ia 2.3.3 Titm. Aff]B*£M7AAANP-:££|p]M (ja##3«[8iK4> 
^-|Jtfi T 300 NP-^^l'p]IS). AUMMffitltt NP ifcsKM NP-^W, sK#MA 

M, Kmm>*T, !HIJ NP *#£-«NP-^ 

A:, ft^If P, 34MWNP-ffl^i4nJ(iJliijlCook-!/3^^iEB^ 0 

2.28 W\& NP\P‘Pft&M'S TitU JNP^^MS^'nZC ook- 

To 

2.28 Jim. 1X\M JNP^P, WIJ 3 nTE& ^ ^ 

Cook-!)3^f#SiJWN^#SWAfiJ^M|pM^. ififH JVAA BftMIMSK, ^3 2.28 510 

lit, :aa cook-ia^^ APtMM). 

WT^ ^BI.2.28 irjiEllil^^iaT AAJ A —'ME § £$ ffl H AIrJ 'M o iAMAa AiAIUM 

^i^w#y^|pjis 1ST- ap;„ aa, « jnp^ 

( \ def 

coAA, ^^00^= {0,1} \S :S e NP>, WJW A = MPf) coNPc P[j NPI $L±L (ft MS 
2.35 Sift, jins AP^coAP, m*\P % 3WI m tfQ^A*Pm 

M|5. lE]M^S2.28«M^Wtfi&SP MP^PTM NPI&tt^m. 

»#&**: 2.28 

M«Eg: 3£*®MXt 3VP im^nrntoteift UANPm 

^susm^) j&a*. Atm. 

JAM'S- SeMP\P&R, mMS s'czS, {$#—Affi s fij 5' fcj£J$iiW| 0 ]fi£», 

5?^l5'eAP\P. W&Rmto!0^A* 

(.&&&& s m& 

$). MWit, )A sms' W^njt^0^^priiaAl^Slu5'4>WWK > hAMA^. ifn 
^^RrnawjNj^e^RraiifiiBSfrs' tfPSfTnii^f. swtitiifWTSif 

$A±o 

(1) (^7/17 SJttjfrfR* (in 5 £ft-AWPRA^) Wfijft-#£J®iW 

p^MM'Sj-vi&cook-mmmmMo m&t. sHiitwnii 
f, (.wzma.tfmmtw. «-a«*a;c, te&sj^MeftA*. 

A&lS^A&o AA, &*+A'AJii±iA&J 

(siWriiwwPB* (sp*fAAi&^A;t a a m m a aj r«] $ mms) &j& 

i^jo Hilt, ^ i t'fE;EWPS^c5'c5 , -{t^kWs' AWP^AA^ffi F\ M.S 

SIS' Mffift!B£r#5£A». 

(2) mhm^wlMf 2 , s\f 2 tg^sRmcook- 
mms\F Z o Hitt:, j^fiicnriiiwsijtg^ (WM^ntraga), 

A3&» 

MJ3liilli4ttA«[WJSSSS\F 2 WWR “” (iP^{zeS\F 2 :z<*}). Hitb, *f 
ftswi«*F 2 , M{£@s\F 2 M-A^i«Tii, ^&s\F 2 m&n-^£m^^n%.njp 
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iHFUjW: 


& SS’ £§ife4£^fl&M!B8r5fe* (iiilffi SM#H 

<»Jift S WfiJ£^4 , *PAWK'T' 


^ A 3^ AtilS bT t-t i®j 5di5ri.Pk> 0A 




AnA) &&&fa$\ski&l : ~ y NTflfcto!B£F (Bfe&JSS#) JfcSfe). 

0ith, 

S’ eSNTo AT±i£S*Jltt$31, 

m-^hi’ni^^-h^itflig c‘nm&”) m&mffiGzm&ttmmttii t&zm&vim 
H&A M. ife»ai£-4 , ttj£—'NPSfeS (-AM) W. 01th, fhAim M1&8I 

#*HfA*t(A/,,p), gH-Ha]±#* 

gJ%£,pfflfco t&StJii£, i^(M,p)Hl^, £M*ti5A*M1 Mt 4 , » ^p(|x|) A-A3s£ft#i 

“ii B . 

T-A, ®tf]fa3£ :P + M“3iM”iSF, 

MMi^s’^fsnfo F^^^5fijsnFW^^Wf0]e 

glffe*. Ji^iJ^SflF ^MtfttiftWRWF, g{£)A 5 

w f Kffiinn (BPWPgw{o,i}’\F >, mm y 
fesr\F'mH^%M&mn&*L$k» m-m&, i£***&££**»A*, m&^a 

Rr*S-%F+WWR»^3fe?»^. 01th, M5£#MBTthW!/a^^iJ^gffA^, 

“Stt” W$&j 6, (SX^^fS f M 

#ife, AF = {x:/(|x|) = lmod2} , /:JV ->{0}U N , ffi&: fu/(«)-l AftlSIA, AfA 

#W —n (Pj^AA3&: f[n ) WffinT^HafB] poly(«) AlifJT-« 

/(«)Mlt^iSWAiilSA;£A, n 3 #i-\-m (i^SM3:^Bti'0]^jlfSM^ 

#). (i£ttW&ifcMAA*P), &mi + l&mtt A, ftff]#Sifc3l—A» 

A, ttili+lt (fcgfcMM) A/LglA^o £M/ + l&3£ftA, 

«5A, MSIJfeSI—A$*tA, ®H/ + lA (ttgSUsffl) #12§A&, ^/ + 1 AWM, «#IM 

-am§#i, tosi&gfosiSi+iAmsfc*. j«miM<tiqi. 

T—fyi£7Ai7imhMI&(Bp w 3 m, If it, # MS mil# /(BPSituEK) M7A /(«) 

»!K). SM, + 

5R±, i£®$ftAW-&#jffi'J' ; f «. (A**)*) 


&—js.t-isu 

S 7 *iJ£ (SBi + lA) tt»« 3 tt£A#£*&A * A$, MMiDilHSjitxfpit 
MIS, M^x^MAIIAWifcAC^AS, s5c#As' = snF)o 

mibm-a (us^j^s'fKj) w^/+iAf^im, at *®#—a ctse 

^s’6!i)®fw. 0ith, xmwfci+i, ain^#y^x^^M75'=snF, w*m 
3& I +1, AS H £ x ^ M 7 5 MX W £ (WM ft]^ mm )JS-7 5' o 5 € NT 
MJ*a^«fc»W-rart^ja (3iil^«^^^^rWpTthMNP-M)o m%±, 

4it #/(n)H, Kutn^tfaMiw (nW) *r»-fejsw»AW^a, rnttkia®, 
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5f>, 2 v: P NP fll NP-Vt^tl: 

31og 2 wW^o SfF 

£5citS/° til/fcHift. tJkTfl'^iZEXE'h-T 1 n (H^«'^poly(|jr|)^poly(log/j) ), PTteffifU^j' 

it#/(n')W<I. 0Jtk. /(«')^^H^iifi±tkit» 

^iSf+A ®—^E#fg^5A * Ut, |ic^]HlHKK^^^t{l,2,---,p j+l (|x|)| aR/6\J{I> 3£ 
41 p M infii + i A (i'f A/54 j) #1 is It fft I a J M £ *1 A - h PS. RUM'^-fik'MW^.^ p M {\x\f 
^js#= ffi^y^^iuA x Tkis^z a£m;+iAM> &£AMSfs+, m^m. 

am) as. 

o ssms, cjeajm 2 . 34)0 /(*)nj£ P oiy(«)ti4iH] 

rt i+H o □ 

l&BJ: £31.2.28 WiiE^£P*±iiE£7, MiiMStT, #& 5' g T Ilf# S' rT W Karp-!l3^ 

%}S, UMiS^tiZCook-a^ftS' o ®Hjifc, ftllf!: T^NP, lijft A^PIlftH 

MS, +I nJW Karp-lQ^S, , {i5,Cook-lQ^^J 5, +1 o 

—m \«i is, # £ *r n js w 5 E ps # $ (a m * * s $ w # a >,«■ nm- 'Mri a tt m —a im m s ■“» 

i” (S**SRri5ftS!ifrffij?fWWNJS, w&ist^w^). 


2.3.5 


A a X A * A •& A- A i± A 4 S ^ , A 4: At ® & <A 
A, AAaA&M AA rt£.„ BJfc, AA4fAA- 
A&a+Ao 


NS. *!&*, 

^lt®3dW^3J. &. 

B£p NP-^|p]l#S, JiN#S*#aT^NSW 

#£. H5&, 1T$fcMiSft, ^tt«-XtW*-#INS; ^NBSXtS^NB+M^-^ 

mi u mw\ R& 3 m&m z f'®Mo wfl^-^NSwasi, bsjeuji4- 


AtsiSf (M'i>*f*Mr£injfc>. 0rWfMn5fc*hH:flft--#S#. ffcffJBfcfflaH 1 NB&MMW# 
fcjtftt* ( 3 ES) NKMRA 

(2) «f^NBWj£jSca5ttfflWRWj«© (*p. tb&mffitivS&mtfi 

:&). ® 


® tfs^nis. iUittea. £**»« /(»•) w. nramfri+jm-'Ni 

© win (s' ns) mK aip-fi^jt». a«f at. ttxswjxrKS^. ®ju, 4"H®w “®” 

® aiH^«!a-4-H**a*sw)5r}i. % -w&mft&m-i-mt. «gi«9jrr^nE«iwiti$«fn««*Rafi*Kta np m«x>. 
*Siffl. ■f'P.&ffl. (fti«(¥#iraj®WffifeE). 
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iir/U/jVM: 

^WJI2£p(A*) fKj^MftfaS. d M x A \% NHift %M (^*t x 

# «¥). MM -h. I'o] B hT W *MS ft B£*9 (^ ft B ft) tl M 5 ±i£?&# !l ~WO: 

t>n%nZrt&MRmm$.ffl, wmmm^Mn^&o ® 

ftliiiJ±i£ffifflftB&ISiLt£^WftB^Mro£ftJ. (f'J 

p]« i'mi g w|p]h a wj a a tv, a m (la^Mfflfpin^pj^)o m&^&MtimmM 

ftjftBm, ^nn^ifeiafflfiusw—^ ir*, smssiftiAi! 

mmm, d (^jI^ipW^ijw-^^-), d c 

‘fftaftiiaft (hmmiiart$p)o ®H*tosafflftBjmc;t*h 

ft)ftfi&0fl*B, PJM±, Co 


£$m±i£MAIy, ^&iLtffiW#lllA&£rAlfti+#r3&4 5 +#M 


O 1\ 


Jg. 
M£ > 


m&%±. m, ± 

ttlfl'fillifC M^jDJIACEtt, D'^D- 
m (BPitb0i-'efn^M^Tiwi- y hi'p]M)o mmw^D^m^ cw, D'RmjittBftjis 

+ , iift&iSc&itftJJlfftBftJ. %&Mfl , ^ftftJftB#S, 

&W^^tPffl i iftBW^ftll£$i (RTiR8'JlE$^ftJffy£, $P NP ftj^jo ftjBtftfi&ttsfe 
AEl A° 


(l) ffl-'NtftgpgftiaB t (in/(«) = « 3 ) JtkHt. M;t#f>& £> £3c3>. 

&£>', tefc*f«rAftU, D , ^W&&£>(x)lMT t t , ftJ (S£) /(|jc|)^ 0 £ilffl|pUB£0[j5ftj 
IfeAA, (£>,*)£* (a',*). S^^rT^^ipIM^ C + ftlffiScftfiB^. 

{0^, iSAfnlll (ififfl ftHUSA) ^^PX^A+BlAif 

^1UA t ftj^H^iSlS o $1#P, ^ AHJltfflfc (Triple-exponential) I=f1j /. “^”» 


> 


A t(|*|) 'h/£ If bT S Ht |B] poly(t(|x|)) rt tlJU (tSaJU'o ifi Wit^MMT). J=Lt((D,x)) 

t (H+i)> poi y (r(jf)). £ —A®, #A^ifc-s-sftjflMT, )^?(|x|)^iKiliMM^Bti'0] 

<y(?(|x|)) , AZUZM^M^ t, ^t{n + 0(\))<2t(n) „ 

(2) ffl—B^^AW^ftB-MsftiaB (in^JSsO )£AftjAo 

#--t-®i(t, tt±&a»B+#*a»a5if-fc&Mtfe, Mjfci#&sijfti»fflftBs$^£ 


^£ftB*&-tdi+*Hg(AftJ, 


l'I 


'o*S 


W'hftBftj&fcHscfi (ifrfeD +11N, hk ifu & ff I iii± A A aif in ini B A$1 4Si£ M A/i£ A A s;ib 

i!l WS;-f4 1 fiiS o \H j A i. .^P A D 'i n4 fnj I:|ig t D 4H A. W'JMJ-H I’pJ M W A iH (d,x) nj‘ LU A^ A 


® ism. «-*syiafflWjg*^j* *mii<j. Bit, Hbtkwwt r-tiiiS)*#!. **±, Nswut^a—nfrgws-a-i 

'e*$aa7fr : fBi«fNsw*-&. 

tijiT—siewwifewjawaw. 
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$ 2 tf: P. NP fll NP-Vil 1‘f! 


f 


D,X,\ 


'O 


'('o(kl) 2 ) 


2\ A 


V 


, XtP NP t o{ n ) = n 


J 


mnx^Mfs— JKiwJSTNP-^Naw^tt.fiJisATWNP-^ttxftiM^ie? 

'M'SfcS&jft CSAT [ft ®&- 

Hitk, D IP *, y, 1&&D(x,y) = lMNSWlsUft a mW” y, 

C Dx (y) = 1, ^ CSAT M NP-ffl*H40f# 

M***£llIS, SAT &J NP-MItJX&t 1 —’Hfe#(Klftr5, CSAT #J '%ffltJm Ittj 

SAT 

Pn±ffi&, ilHtii] SAT m NP-M1$Bt, pj# CSAT {fi'£$mm%J SAT M&fcl. 

NP-i)fttpriaifBft n p-^^inj m mmm'ifmmm he bji. am, 

mm'ff, m%±.. 


2.4 




Mffli&ttlqlS 


*w# 3 >hatir*wise 


tliffnlg, MM$1?t I MM& y tiP]S£ (£ 


2.4.1 1?)„ *-^f"lJHSttifcWNP^«*fn|Jl (£2.4.2 1?), 
(CoNP) JJfftjSWIfe. 


NP^4‘ 




2.4.1 


tarntm, M* fJMit tt fiJSJt{&7-l+M?5 1>M$£ (ffij 

^[St±iif'l J ^^pTWfflt 1 ^fW#IE^Witit4 ] )o \Mu, £ 2.3.3.2 Hr*. MI'JfflT “t&fe 

.” (sk “tsfemmsm .”) Mtt&*jttii&#ifii«. mtz, m 

«*rAM&0JAW*#7fc£ (sKHflUaife. «±, 

a i n p m t± a * *it & ■r, rt w * # #5 & m 7 &n*g r«j m w % & tt, m m is % *m it « & w m ^ 

illo 3MHU&, + *#£*t£|5J* 0 


2 . 4 . 1.1 ^ 


© CSAT ^.ffrWHT’ NP, «T0Jft£J®jWl0]rt*lttm#<S. 
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iir/U&t'l: 


Cl 


4 1 AtS (Promise)» Ifift ill: til Wl^ ftP.il A 


feX 2.29 (iffzpci^fflit^faliii) 7U^^7?e{0,l}*x{0,l}*^0 

-^M*P*ll&. &#ftfa®X^ 3 N<i£P Mi£*faJS*. t-mutt T&#° 

• ^ ^ 7?c T^ P Pti til ^ fa H P fa - W fa W- : fk A Aft?. tof jf'ifit j:eP . ^ 

ie5, = {x:P(x)*^} fa, (x,/l(x))eP, ^KiJ/l(x)=± , J^SP(jc) = {^:(x,y)eP} o 

def 

A *fA§ P faPtiijAit#ttt. ^Btfag^tt^X^P 4 p(«) = max s/)n)w( „{/ /4 (x)} , 3£fa 
t A (x)&Afo iiifBtfa, ^Pn{0,l}"=^l^, T AP (n) = 0. 

• £n A # S ^ A 0'J' fa f¥ vi tit. ft? -Hr /& ilr p fKJit^falS p. KU^i^faMM^ yjF^PtiAi^ 
fa^r^o ® 

• rAim a f£i#*Mi jixe pmy e{o,i}*,im^ M^isif r(|x|) &, 

pF^A(x,y) = 1 timfRtia (x,y)e R , P WM^falS «If ^C^W^i^fa^rMo 

(spx^p), ®iMft?M#Af&fi:M§?A. mm, mw 

BP P = {0,1}* )<> ®|^T±^m, ieg^^Ji^tii-^^^mMit^fa^o i^it^fa^fa. A 

am&±mfex^^p=s R , ^fas/^fx^&AH^eP} a mn#m 

(Candid) it ‘M fa &. 

j£X 2.30 (^lEit^fa^) foW'&A ft? is & AA R W&IEit*faJS, 

M x e S R ( BP Xti ti£ M (x,y) e R ) , W (x,/l(x)) e P <> ff y£ ,4 fiti Hti fa Jl ^ til A .X. fa 

«m{o.ir M x )} ’ ^ ^ R( x ) ^ ^(*) ^ *S if Bt fa , til Pfl{0,1}" =<z> Eft , 

A is, ( w ) = o o 

ft*: ^#±tfe, Jtkf^j-, JTft /i MiutB-^Hg^ft? (S$*ft? 

#A#&) B£#i§iT0tifa£A7V fi (M)^o M$, titPePCuti, 

^PePCH't, M “BID” Jffti4 OWfaS^tt (£nnrn£ poly («) 0tifa fa il ff P,^ (n) ), 

WWim^tefaft? (HR) «*faBtf (BPf?Hi^Nt Altt !E$ift?), A 

ii?T0tifafa T A ,(n) = T ASR («) + poly(«). 3£faA~^^£Pit° 


def 

t a\s„ («) = max 


AS. 

n 


SPRIfAxtiJSA^AMAAX^fa 
A®. OTmiA^MfaM^i^wAmW^J^fa^o MlEAtiki#. fc^falBttflrWW^fa 


® Jtfc&l, MfdfBjSs&fSBj, :f P*W&Ai£JE#J»#rWW*fcM£#**®. ffi«£,4M (£«D iftfiJSlsfe 

«7-ffl3t5g^7>i>ft<j«A®x. «sotkm-<. a^itiTr(|x|) $2_mmmu a^&^iPs^mA 

<a««to***. Rim*/=r(|;c|)#g&ia/<(*)*» 

^•rtMH«.tfEP5r. »dWiftf!0*n7^fflf-PC\ Pff MPtfi&X. 

® a*fnnjt» 2.1.4 
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$ 2 •'?: P. NP fll NP-jt^H-: 


U B 


/e” 


3gj5L2.31(^KJS) ■*af^(S , ses ,S’ no ) . 5 yes U5 no 

• ^ (5 yes ,S no ). ^RifiXttEE x&S yes , A(x) = 1, M X^t tE E x e S no . 

W/i(x) = 0o P^W^HUri. 

• $C1®|nl^(S yes ,S no )M^ JVPIUWiS^fRlJSy®. 

&K, MWTliMi. 

(1) 5oM±. ^ttljceS^, #4KJ*^eilp(|x|) toy, i£UV(x,y) = 1. 

(2) "nfitto )Ei£E*eS no 2H£E>’> ^ V(x,y) = 0. 

ffiCISSiS, *tA AMi'3jfi j& jgMIT- tk [fiTA. ££^£&tlS]£&£BtfiRra«J«J£* 

^W«rAa*^fWW«lA^£ll. Hilt, P|PATfi<jr« ($P PJfP PC) ftailfig 

cook- n ^ vWMSfmrm m h js . $n urn* fern Tm n < ft * 0 m a t* w h * * m > 

IB&i2EllB*¥JS*&lRlJS. OTJtfJi/aMRms 

<as. m ah ms a, &#m 

. HcMWaMM£^t£M£&sift«@ (eh 

®2.35): ftj®^fn|Sn Rrw Cook-!5^* —^JSAWOTmW^rnlH. M n 


A 4 - TV- 

’ if » 


■ >N 


hS3Sftt#sai*^Kattrs^^-&ai*7#)ftmw wp, 

■* 5 j£s 2.35 «&, np ncoJvy+#*-**i*fniH, :np cook-i/aM 


EH^2.36o y§$, Et>J^2.36M^I#^flJ NP=coNP, I2 4.1.2M 

iS— 

). P£7MH^M±i£ 






M, ftOTtti. t? ill til rT ffl 7 A A tHi i? H jg PR ;tfj f IJ £ t'J 7 Is M g $$ lit 7 . Eft ilk, S# 

fex 2.32 (m+#r nsmh£) 

• *hse/>£/>/?. p’mmnm r p MiNn* 

MPS£» 

• ^^«i»Jig(s; es ,s; 0 )^^ipm(s yes> s no )^Pis, $p*s; s e5 y , s E5 : o£ s no0 

0U*n. ftftjffc 3SAT * SAT MPR)£, 3CNF iftA (M#-i£ 

em cnf ms)a-«.amww > hiHKhiJiia5^j3eRr*j£tt(sE^-#nrasjE.wtt<i), 


® Alfn^iSl'olSl'SJW Karp-B^^iti'fSdlilfy^WTWiiiJInl. Aftife. n = (n yES ,n„) Rfti Karp-W^^j^i}$|ul 

n '=( n E n 'no)- sMSi/, <£®*fttlUen y „ (sRxen,,,,) W/(*)en' (®/(x)enj. 
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iMJU&tt. 


x n m s 7*;® * £ th n & m 


MM. 4 3sat (SP^M) wa— ^MPgfl'Jo 

S5L2I, t7(^ffl^®MSt&!Q®;ftJ£&MS Cfl 

£4&J£MR*S*« 




^JJCo &*-®®ff'J7i27£ “US—A?” (JSL 6.2.3 70 ®#E:&. WM7A?“H 

ISMS” (E io.i t>)o ^PAWM'lt^T, 

#iliBM@WtM. /AM. A9g&J£*Bi!IS$WM 

So ISIift, ffi0JM7£^®/i<i£MS®W«?t£ (in»5VP4>* > h#T*rNJS^t![^^ 

s; «* Mffi m fflft/;£ 7 fo tftMS ® 7njiftto ffiS, ® 2 . 4 . 1 .l 7®^M/TrnS 
jj^M, (®EMS 2.36). m%±. 

(sic*&*f) M (®7 7)717), (i£ffl*j-> fm (®70® 

tt) SffTE^. 

2.4.1.3 &&jpCigNM^4*}g^ 

7£l)/7»ii&ii§i'J&7«o i*£*Ttra%£MtfWifirMBaJ£Tai£-^£j££091i 

Win. l^^S/l^CNF (i$3CNF)o 

PJ^TWiaMfflWTM# “SJffl” 

(1) (ftftiftftJft/ffi “®” 7ff'J#?77j'lif)o Win, MT-fll'M 

ms, BiufeXffi&mftjkfttto&wftM. se&jejs^/is ttM, 

*j-7wm p mm ms r, mn^m^mc mm mm mb *. * «*&* ■. mum x^p, 

R{x) = <j) US IM&MxeP, R(x) = <t >). £ (£|J£M> 7£i$MS(s yes ,S no ) 7, om.R#fgS yes 

Mj»aW£Mfi, &MMm, BlMctSto&Wifc^* “W” %w. 

( 2 ) BPeDgtt.t-7wE^vg®^x 0 , mm 

^^mpmmnmR^, mM^m^m mm) 

3^7 R fJ&f^EfcuSc x e P , R(x) = R(x 0 )o l^tiyili}, i7 Ullft!) tPitIjM 

(‘S’ycs^no) 7 . 7 J® ® £ s yes ® t& 7 7J ft M S ( fix® X 0 e S n0 , W!M$lfe%J8{O,l}*\s BB Mrii0 

£J£MS). 

«maw. m, c cmmrn 

7J7) MSMS&tt. i&St&iifc, *%£I5i&M;fc«MB. MMB-'h 

«) ms, M^m^ati^i^MSitit^^o 0ith, m%nmx±., 

E—;£f®> BPlillSMi^MSflEit Jlii^if IftM", — Mn^MWi^MM 0 

(mtmmKfrT^mM np-^ims, /Ant 

^±#iEg, (mi^W) 


,a> 
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$ 2 •',? P. NP fll NP-Vii tfl: 


3-RT#feH, M±#, 

aXJi 3- Rptfe® ft HH^E ISA &tl>F|W|. 

-*S±i6JS.ftffifi. MM, A^'l' 

^ * w &t m ^ tt it /s ts n mi , 

2.4.2 nr, 6.1.2 Hu 6.2.3 10.1 K 3 . 

2.4.2 np fpiawatta^js 

ftffl&fiLt&ftJt PC+tt#*ftft&IE«ft|5lS. 0® PC£ftffi£*¥ftIEffittt&*J[ 
itssfci&iiHwa^Na#i (*m 2 . 3 ), 

WSIffl (JB.ft.X2.30). 

fmiA*fip£*fltft£ffi*ji¥fc yc+ttft^ftft&iEitftNJH. mcrnm 

0JJ a n tti a # ft IT &, #M 3S ft ft X ± M i£ IT & M tfc ft: *1 fl ft M ft? A iFJm f«J m 

RzTObmk, 

HftftirrM, ^H^Jah^L^A^H it AMRtbmAJtMMI t %jfc, 

(MMftMtkM- p-vs-np filfiT). ft&±, P-vs-NP I'pJIgW 

(SPSS 2.33 +0nftftStt:Jrfc). 

ftJ®2.33 Xtftft—TC^ft * e TC, fip£J¥ft .4 SSJfctJATMtlft. 

(1) ^ fig# A tt&!E#ft!S|jei. 

(2) Mixes, (SP*H£ 
ft(x,j>)e/?), ^ t A (x) = o(t A . (jc) + /?(|jc|)) , J^4 , / /4 (jt) <s£^.( x) ) ^Tji /4 (sKA) Xlf-pH 

A x ftistf 

W*ft*. £M/4ft*tttt0t, («fft) isfrttffl. «-£ife, fitfcttft 

III “3l£ft” (Point-wise) (BPfrXtftft^A) ffl# “£Mft” (Global) (BP^ (MtS 

o-i a^-^, fiMWTftM*, 

&+0r^ftSft£&£&&ifcft- > IHfclfc. W»l. &&ifclft*f^lS#4-A183f. 3-^H§ 

MMtt&Rfl-ttgM&Wmm 5A (BPJi^^WtfcA). ±s£ft 

ik Mffl t sp * nj w. tr ft ft fi«n & £ # m. ft it m% m . m-aa, & £ »it 

MtliTK, Xtjft (Poly-logarithmic), jtkR'tW 

1 a W = 0(^(*) + p(W)) . 

sew**: Aj't'to/tEKj r< &mr P % 

(MAXt+H -^7nft-fcftftaSfc). t'Jffl A/ nj w t) it in T ft¥ /?ft A A ® ^ H ft 

wm-teA. *in>\x, n ; fkA “mm” 

immM), ^-tnK»jiiiiFtiP0t^i/io m%±. fijity 

ffl m, a— 
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jye&^iSfKjjSMWTOM “btM” ^Wkn^Wfe, i£m3Gm y i'tt\flZft% i (^ 

1 


^m*)o mm m\%mm 


('+1) : 




@*M*m!iM.Jisl—Hitk. 3£ 
&%jik tfi = l,2,-,2" 2 -l, ITfe><«#im« > hm#W2>/(i + l) 2 ^ 

mm* m^n&^it > MK£ > h8BH c*m&ax) 

MPf-'ik -4 ^ i t$iuA(x,>') M, #^.RlX^i M(x,y) = 1 Rt^nulJj y° 33£b ^^Filfi^izfcf^vilfiiLB 

(ip a/), 

Eb^itoTW#tB, P^A(x)^-A'^y (iP.y*±), «!|i»W(x,y)ei?. %\iEW A MM. 

ttw, r mmkA\ m±#. & 

a (i^^^h) iwimui&m. m&&&* “tm” 

m (da^M^vi) a 1 mmmmj&ixtt, a 

JI#«£nTo 

^ttli, ^'(x)3t^4'*ti}A JC Wis#i£3R. rm^(jc)aswr^^ A/(jc, -) fiEiS^xBEl'aJ, 

iP/'(x)=^(x)+p(|x|), g*M x )^'( x )^®*^« sjfe. $b^2a(2 m+1 ) 2 ^/'(x), mu 

mi a' xiTmAx &}&%.&] t'(x)& ta Mf&jxmft'p. 

m c«±, awjfflTii#— r&a'z.mm&w 

2 ki +, -2^#v£). Hitk, tA x, mk a &0&j,(x)0:mttjs@#i, 

jjf (*) = 2(|/f| +1) + log 2 (tj (x) + /?(|*|)), 

def JA X ) 2 j,1 -\ 2 > 


'(*)= Z Z ,. lV 

/=1 M (l + l) 


<2 yrW+, = 2 2M+3 -(^W+p(N)) 


im-. *Wit, i&WJICfe^jlimftAxeS,#|. ^^IMP 

2.4.3 coNP NP 


lilSIM^ (*I£NJS) W£MjbU± “co”, IP 


74 





P. NP fllNP- 



aer / # 

coC ={{0,1} \5:5eC| (2.4) 

co NP ={{0,1}' \S:SeJMP} % NP 

i*£jceS3J.tt3#*J£#£WNP-iIIB. 
+ (HPxs{0,l}’\5 , SittftfaiiE 

IB). 04in, CNF coJ\^. ^t^Ufe, 7W 3-#fe 

WSMKI H-tiiJlT CO^/!P + NP)o 

w#ji. mum^rspc, 

W ft? fl\l ^ 04 ^1 ( BP S* = {x:3j>, {s£#(*,;y)e/?} ) 3V!Po ;£ ft? 03 $: 0!i #1 (BP 


{0,1}” NS* ={x:Vy,(x,>>)£/?} ) i!7 coNP* 
^MiK^J NP* coNP 


£±, & 


3 4£L 7*ir 75s 


S-T T 


±NPm%■] NP * coMP faWLiStMtitfi coNP 4’^SI'S-M NP- 

(0 %i NP IJtlit NP-fiEWjKSEttii^). TffiMMBij, &&7MK&T, 
NP-^^H^W^maW NP-ffiBjm^, 04$P, 7#£ NP-ffiPOfN^ffiBO —'H&SW CNF 
?ESJi^Pr9SJ£tt. Mt5fc£#itl:XTM NP-5££tt (ipjpJfflj£j8L 2.17 Karp-fi 


4® 2.34 ftm NP * co NP, R^SzNP \tU NP^ilMM^^ Karp-!/E|^SlJ S, 

_dcf 

WO S = {0,1} \S7JI7SV!Po 

NPWiMM&uW. Karp-mm S.&M &7 co NP 

Karp-mms, m/a, Bp$n gs’mj-NP, m&M—'t'W 

u Karp-mtjms'MM^ikmT np. ^&7®rg&ffl7s'=s, w^mms^NpmtT 

co NP^NP, &XH3-7 NP = coNP, MMtiSW/ito 


TIiM±i£®r§. tilDcM, gvEWMs' W-4 NP-ffiWII^, J7S’ WW Karp-0 

%}%s', jaijs'tfe^r np-mMo 4-r #4- / % s' m s’ itt Karp- 

jB£r. roifcjsuftffigffr' (Ms'^^S) ^r(x,y)=r(/(jc),j;), $cji$, /(.v)es'itt 

tt* NP-iiEMnTf^ X£5'W NP-fiEIB ( -§.&*$£)§: x € S' W^fW NP-ffiM)o 

Ottos'), fi'Sfll$*s'ttNP-iiE«ig^. □ 

ffiiS SV!P * coNP, Uifr® 2.34 ®47 ^TPfl co^!P+ fia^^-i7 Karp-Pa£3T7Wt£)i 
NP-^^:Wo #(SSiJ^7 Karp-jQg&W^ftlRftiJ (inJKL3@ 2.7), ^Pflco^P 

+ M8^*AfrNP-^£ttMS^teJB7ia£rMg|K/K* (BP Karp-fi^). 

i#«##}nifes BPtefeE-jftfte^T (bp cook-yago. np 

f| co NP O 3 W: 


n o 


%m 2.35 % SV!P Cook-lla^^ NP n coNP ‘fX'h 


WO SV7 = 


coNPo 

##J±tfe, ®&NP*coNP, mNPr\coNP^ft&NP-$Z±M^, EP®NP-5£4M 
Cook-Pa^^J^Wo S-7 ^Pflco^P Mfi&M 7 ffli (Superset), (&fii& 
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if&SC&tt 

iP W^NP-MM(B|J .'N!Pnco^P\2 > 
^W^IrDS). M@iH£3L2J5#X*MAfe)fcW£raHM3Mfc^lRlll CJAL2.4.1 ISMS 
2.36)o 

M: ld^T^IS2.34, ^MM^^MSTOCook-fi^SO^ nco^P4' 
510 5 e !N*P OcoMP, *0ffl&-®T§, Wf2i& + H3" 7 JV!P 
nco^p, axitt ^/y ^conpnp = comp cmh 2 . 37)0 

^fijt 5 *P S' e JTVTPn coAiP, J. 5 nT(U Cook-53^ 5', MM 5 e 
nTMSecoAy)., ®i& M%^ S !0£jH|S' ftjltsfll, BP^^f SwA x, #l§| M i&ttii&jR, # 

x, 5W&£lj£*jEflfeM. 3 jM 

5€^, WNP-M3^o i£MM (M fit Wit, St5Eg)f), 

iSf£ F, ltWTW y l^#f5£3£B0', (x,((z,,cr p ^),-••,(z,, ct,,< 0 ,))) fftXO". 

(i > x, ms§ A/^amofii z„z 2 ,-,z ( z/s, m% x. 

EPXOWIfiiA x, Pi£f#§0HU M o , |,<7 2 ,-”,<r J -_, ^155. M i£Hj iKH / 

^tUfnl&W^z,. £Sb *t«Ax, r&ifcM&&<r„<r 2 ,-,<r l ZJe, fclE 

1 (1^15). 


a* : K^^j'a^rsawttrrni. mmtm 

(* F) M«iIE (BPJftKTW*# (2)) 0 

(2) /» frl^cr, =1 , 510 co t z, e 5" Elt) NP-ijEt®, M ^3 ct, = 0 H\f, <y,xl z, e {0,1}* \S' 

M NP-iiEJg = 

Hilt, 5 p*^# (2) f&AL, 5!0« > h<7 1 .«^z ( ^5' (BP a, =i SmiXSa 

z, e 5' ) 0 

_ def 

mmm, 4snoffl7-t^, bps'*ps' = {o,i }'\smrr np-m^*£, rrm 

>i*lJ!3Zltt NP-ffiffi. 

a#: f^a^sw-^np-m^o ffi^iinw-fejsse^itffiafBi ou 

S*#aiUlo74I^W NP-iMgM-fcJ®) PSfft'Jo F iefrf £#5*8*^ (BPM^a 

a) m&n- (2) ngg 

ffi 5 in ffl ffl a w np- iiE m % m ). us, mm so xes ^ sax ^ £ a so 

dcf , 

y = ((zLff!,^),"'^,,^,®,))^ F(x,y) = l o #S0Hfe, Rf^i y ^W^tWitll^^SO, 

WMJg M *MA x fpj it J¥, 5' P'J^SOfPj/X^^SO. R x tr-t, 

^fK( V ) = lo ■ 

— &# 

$iT*Mpmmmz±, sMoiSj^stii 

(i) aipacoapp c^ifritk, svy ncoAy ^xsyb atig^ifrfii cnf ts&st 


_dcf 


© MM-. SimsiffltMTX^S = {0,1}’\S SzcoMP, S mA Cook-!U£<JI*J S' (ifiiiS. m S nj IJl Cook- 

M&Xl {0,l}'\S'eMP nco NP). 
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5 jV 2 P. np fn NP-n; 


(BPftl§r{0,l}‘ \SAT &w NP-ffiHflM). 

(2) NP Deo NP^P* 

NP Rco NP (Bp*&)£—tnt. 



SI 2.5 ^co^pn -'NT ^M>»lT(l f )Mttl.5 


fe$L 2.34 S’ W$J coNP-m&fo, W JH co^!P \>X Karp-JQ^SI S, 

co^P-^W, iPm'SBJtM^co^PX^co^P-ffl^Wo 
«±, Karp-figjJiHAJt£E# JVP-fflaStfei? coJV3>-fflSittirtjg^ 


^ iS /i 


W^K^+HSIT^ P-vs-NP r«I*W^W& 

($ntO.#^:fcitt[85]+ 1.5 Tf&##£$K[22i])o MW. 

Ttffl g JK&ifc:fcW7BfKMjK/£. 

4^, Cook t58] . Karp 11381 > Levin [l521 ^*f NP-^£143i&^7 JFfclttMlft. 

cook (jE##ii^[58]+m m 

jo. cookmNpm% 

W3§ m mi). #\ewt np 


3 dnf Mwiwjms 


d 

n 


# ?A m , Cook 3MiMJ ^ifcW W 


fi^JVPUSWSIHt ffe&iiEWTIS (Clique) £ 

iHi»f SAT. 

Karp Wvfem [,381 HTW#^^^J- Cook g Cook XftMB £, Karp MT 

nnftmm, gut, &&&. 

[NP-l^^rW (E##*®([138]+^ 86m]o jlftife, tefllttl 7 21 ^ NP- 

^filJS. Hamilton Hl^, ®0<J*!gJI3u 1^^311. Steiner M , 

Wft> ft W m&URimX P] t'J ^ . WiUlttJi, Karp ft ffj $& IE It. (7 M ft i£KX SC NP (KPfc 

sc 2 . 5 ), “gi%imjMftmMiE]mm'&” (M0^scffi[i38]ftm 86 <%), np 


77 






7 “AMMMi+#NS cf 

|W|-BXfA&^©c, Levin MJ M#£tt 

WlSMNP-^tt). Levin Xft 11521 M f, A A MK-A X “perebor” ISfiKI, 
*®AW^fc#ifciO¥M#fcNB(BP Levin 

3Si$, ffi*NSMBfM^S;tlNMi£^ +RriB#SW^35i 

iWlNiQM, M7 6 X “ SASUNS” M NP-^14, 


WigM. fi*&Atf]£*Nga±£S7 Cook [5! X Karp 1 ' 381 fP Levin (,52, Mlft, MIN 
H*tt+«WAB*Wifli2^:£gW»S*A, US (BP P-vs-NP NS) MfflafMS 

So §20M70W«. #R&MmT&-KWft% 

mmm$r, (*n**t&#;i¥rt^a> *&& p- vs -np ns. a 

MJf*, NP-5u£Mi6M 3 £ “USttifeS” (BP Cook' 581 , Karp [1381 , Levin 1 ' 521 ) X 

M7*#fb*SM3#XIN^MM!J3Mo Cookttffl7-«*JSC±W^«^WNfi 

M [58! . Ifi^ Cook-Da^ (®J5C 2.9). Karp-D3MM$E& 0£A 2.11) * g 7 Karp WS^ [138] . 
M Levin M3t« [,521 +ti^«rJliiJMN^ <BP£A2.12). Levin 

;Hffli§!:^NSGIk3£M> Cook fP Karp MXft, ^J^Miikj&J/SNSo 

2.3.3.2 WM!5M##fi^M!0M.;fcM£ra$*£llNSMNP-5u£t$(BPffoS2.26) 
Bt^fflM!/3M^gX##l£$K[74] (&RTJaXNS9.18)o fflfi, 2.3.3.1 WWfigtfXtt*# 
^ijgfctssi+II&JiSMMMo (BP^S2.8) S##SiW[138]+# 

fiJM. 

B3E# P iil# NP-5£i£M NP-ilM#£i4 (IP^S 2.28) * Ladher l ' 49] M. feM 2.35 * 
Selman tI981 M, ffi NP^W*flfc«*#ftto#£tt (BP^S2.33) * Levin [,52) iiE0jy. (ff 
SiMJI, /5 _J ' / h£ni&lil5|£ gXIPilra Levin 3<fejLX Cook fP Karp, AiIJS.7 NP-lc^rttWi&S)» 
^Y3>NBM4fE;&& Evens Selman fP Yacobi H—A 1 ' 21 , ## S&K[94] c | :, ^f^X S JS 

fflatfiTtSS®. 

SS2.28X I? MM MM (JESS2.29)> ( E 5.2.2 i?), SA£ 

JMiWlNS3<i£ (JENS2.30 )o 0TfrB£pM NP-5t£^#5^ (ffiSfe) IN 

#JM (13S2.13). 



J -TU P'JI^J^O 


2.1 ACM NS: M 

»*: #S^Jl = {(*,l):*e{0,l}‘ju{(jc,0):*e5}, 3t-X S 

v±E= R J iffiXr.;7nA^MXttl£#lft, 

If PC, *Mfj#x, Srt : (x)*^o 

2.2 ffiB^ftgiSe^PWif^^XNMNP-iEB^^^ ( BP&fiEg# V t , V 2 ,-itWRi * j , 
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$ 


tV- 

V 


P. NP fl! NP-'/l fct't 


V i (x,y) = l#*m$V J (x,y) = l ). 

2.5 FfO/7, £nH|j'| = p(|x|) + i > V, (x,y) = 1, JAM##, y W 

K(jc,j/') = 1 o 

v£, JtftW# “e^Wfa^M±^|SIW M NP-MJi^. 

HSfc. F 2 («,/«) = l m 3; « IKMMF/IS^. ^fcjWSfcM. M# 

V 2 ttW#fiEI0gffl5«to. 

2.4 ^JtJSC 2.7, M&JI S t E'JKtil nTtfa 

2.5 liiECook-fi^WWTM. 

(1) in^nwruA cook-iQ^^jn', PJntiioT^E^j^^B^ 

( 2 ) cook-ia mM ;( bp tn m n oj y cook-ian', M nr r! ui cook-e^ % rr, 
KIJ n pJW Cook-!)3^^j n"). 

(3) in*nRr*^^wlUrt*«i, rorewrwcook-jB^Affifefafiir. 

2.6 M Karp-10^ (& Levin-0^) flrW#3H'tto 

2.7 Karp-!Ja^J^K#W^ (£pM« Karp-0^ {0.1}“). 

T Karp-! 

WLM#Ij£Ir)JSU s W^J^rnHS#*^¥/LW. iu%s*</> Jis*{o,i}', MW? 

Karp-jBftfcJWUl. 

2.8 (aftffiMttftfflllttiBtt) /? mReTO, WiS- 


i'J 




M.^ 


/ /, > * w 

%n‘$i(x,v), jfc;/e{0,l} pol> ^, \$L%f(x,y)^v <, 

Ji*. 

2.9 ( “#£&&> “JiW?z^v” W-TCittfRl, •OA2!l£*»z* 

WrPE | 0 ][o, 2 ' -l] tfo 

2 .10 M: b\\%ReTc\Tfmsmm, mmmmcook-nn^faSzR&zTMmx 

»WiWH. M-M, i£ m*inW:Re?C\TJ^U Cook- 0 ^ * {I .ft ffl M £ ft ^, JMiS©^ 

a*, Rrwaj±^»^f : twwrfi6tt*«©»iirffi®. 

2.11 ^-#3-#fe^r^o 
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&7F: 3- 

^mm (*#&. ttftjS “ (l, J 2 ,'" J,)e{l,2,3}' ISIS G fin 3-f feJlff " s 

Da^Wo 

^ 7 *: it il ft @ 1ft $ W H ® Ift JS £ i±i £ *J| £ M fid g «U f«5I *T< Wr E K Wi ^ N - M £ ffl £ fej ^ 
lu Ift $J B& It £KJ ir % ^iftJS “ (;r,,;r 2 ,---,;r,)e[A]' %) @0 G 2 = ([W],£ 2 ) ^ 

G, =([iV],£,)^fo]|H|^0MiO<jM” ^^M^gjSG;^G 2 '^|Wl^e<jifiH«T)o ® 

2.13 (Tfrg!0£M4) Mfk'a s S PJ3t SAM Cook- 

J0gF. (HP*n£*mfeAx, figj£liittif0fcl 9 iff 

/£.|<?| < |jc| )o ® 

(1) fiEH3£—^^WCNF^iUfwiPTlA SATJtTtr g!B£lto. fts: 

a#: MffMMIIITOi*; ($n^M^l^m^AiS2.ii WJIS+Bt). 

(2) <£#* sATjEji&mit 
91). M, J«:BfS^WS!S^iHg^jKJlePCW1#fflE (BP S = {x:7?(x)^(Z)} ) (BP /!« 

iftMW^Cook-M^S). jikB^i£('WSeA/!Po 

Jl*: lBfx,€5n{0,l} O, ' ) , fi^tt*ie{0,l,-,/-l}, gfi^JtffcAjr, ^-%n^ 

x M PWft, WUlRl R 4 ) inA(x 0 ,(x l ,x 2 ,---,x,))o ffiHJ, $li±/?ePCl5 = {x:/{(x)^^}. 

•&M: ma, Karp- 

(siawmiiT) mm±.mim, ir^g 

m*)W )o aiutkatH 2 fflfriFjf&ALo 

2.14 (^iUHgJWNPlftjH) 

(1) # m?*MP hcomp, \m 

m*: &feSe!NTr\co!NT\P, fHS = {x:«,(i)^}= {*:/? 2 

(*)= $»} - ^ = {(x,l>'):(x,>')e«,}U{(x,0>'):(x,^)ey? 2 } , £g 2>J fl 

S*={ 0 , 1 }\ 

(2) i£HJ: J^^RTSUa^W, PM®/? «? !PJ ; <©£|£- 5/ = {(*,/) ; 3 y”, sj. 

(x,y’y”)eR} Cook-!i3^^J S K ={x:3^,s.?.(x,>')e /?} » 

2 .1 5 ( m Tcm pjwff*jBwn«atffrji)« p^m 5 , i?cn pj+wM-ft 

/?. ft ff PJ £ A/ A Rfe 0 ^ A /? M ^ £ ift 


CD ffi.®: fiHaSHGSSW-#3-f£M, #1'* Ui.Xi.-.x,) 

I® 4:>J®2.13W 

© Snrwaa^>E»^w«'H4*saf(iJS <rm*j> &iia. 'Nfsbffj. -a 
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$ 2 v: P. NP fll N*»—'rt 


-A'&Zk, M R e TJ fa S; e To 

2.16 fc ^Cf 1 —Pl'J/? 

(W A s ;) MMH A 5, o 

Uk-. 0 amamw/lhw. {n,q)^Ro fijffluisdiijgp 

T&. —V^RTiiHo 

2.17 m>lM 2.14 RJ]m 2.16, ilETO'lftS Mffxi&T, R,,R 2 eTC, 

CBP{x:tf 1 (x)**} = {jc:rt 2 (x)**} ), & R, J0£f M> rffffl 2 W° 

2.18 ^ptB^S 2.16 5/ = {(*,/) :3/\si.(x,/y , )e/?} ($1 

ft: 2.15)o 

H*: %^W«*fRlfS!Q^*iisATWa*NS. ff&*SATfi&FfcSAT, S/nif SAT OlM 
% S R . 

2.19 tiE^WJ^f^lfURl® (Bounded Halting) IS (Bounded Non-Halting) 

&NP-££W. OT'tMSS^A&iT: ■f-*r(M,l'), g+A/AK^tfl, 

/A*E». Wlffffll (sEWlfWW.) (-&KM£ 

*0, (IM), 

. b£#«£S 2.19MM, <^ff#l) ftiS 

MDfM (W±, *®HilPSSI). 

2.20 ££*12.21 MM*, ^^-35Wffia56«± 

-*T+M=J3ttfe£ (ffl2.i). m&-A-Mf M -.r l ^r, r = 2-x(0U{±}). rHU^HE 

S^irso 

Pa, %tHMcr t ,cr 2 ,c r 3 e27, W / w ((cr,,±),(< t,,_L),(<t 3 ,_L)) = (cr 2 ,_L) ,, EW®®)!, 
$n W: M M 9: tS ifc (cr,^) P& tt % (r,/?, + !) , ill ^ ii M o-pCTj.cTj eQ , W 

/ M ((°'.'7).(^2.- L )»( 0 '3.- L )) = (o'2./ J )-§-/w((o'i.- 1 -),(cr,?),(CT-3,±)) = (r,JL) . 

2.21 fai£#^fi)ASATflj3SATM!/3Mo 


M. #/fl~ A- 3CNF c, S+WMM c ^ WMWMtWilfi. \n 

$11, (_y 2 = (*, v x 2 )),(>' i vi,)) , (/ = 3,4,---,r) Ry t , M 

3cnf ® 

2.22 (2SATRrm»*4cjH) ^33*2.21 fflfi, iiEBf 2SAT (BP 2CNF ?£i^0(]nT?p|^.tt) 

If T^o 

ZflMImTrt CNF MM “ (Singleton) 

Of “ K ”, sK#A “fi”)o 90Mi*inmMT*, 


® F^j v' =| jr, S 3CNF Iej^ (x, vi, vzjJ.jl-c^lvi, vzf M a-Dt/jWlf. S't 1 / = 3,4,-,f ,& -*, . 
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iir/U/Afl: 


Rn^m^2SATffi^Kw«*rBiJ8: 

( 1 4 ), fi^~ > h^M^ ^ y ho-6 {0,1} o 

(2) $P^#^^C7€{0,1} - 2CNF 

■fc&f, <t><^<!>'^MW.~& (S3&—3f#5tt<re{0,l} WWft1ft8t$IJ®:fcn*h MR*t 

—^<r/&fc, BPjI tltaifMMil-ta). 

“fx”. pjffik. 

£±, a-^i^MTRtt-^2CNF-m^wtt^o 

2.23 rawTi"!®^ NP-fz±m. hjsw^*: *&£-*& (W.% 

a#w. 

x + 2y - z ^ 3 
—3x - z ^ -5 


& SAT #fg*td^A CNF W^A^ilfS, Hvisfffl 

jq&fti?, i-ximo j^m. 

^x+(i-^)>ilfrftf. JS^XTOfm^/x-jr^). x ^\AMbnx^oW 

-x^-l KiJbTW3M$'JM#SiJ-# 0-1 m. 

2.24 (gf (2) hjs$0i 

■+"&#gf (2) ±w->Ngi ^jjmMRmMk, JM^rg# 

xl (&M-. pi«i*>. 

«*: 2.23 Wlf^Jljg. ^3SATHJB!Q^*ilfcfRl*. H^±fe, M 

GF (2) ±M8gtt;frg#ife, &®;firg3tfr&^&*:St^to 
AlsJ^PrSid^. (mod 2) 1; ffltlSl, T'n )x v-iy ffi^gx + (l - y) = 1, x = 1 fP 


I-j = l |?&. #{false, true} {0,1}, v M v fe 

2.25 (GF (2) ±-&3rg&MW$*JEtt> iiE9i!JATfRlH*NP-^±W. fnJJl^J^ 

gf (2) ±-&-& un, ®M&n fw^rg. 

«±M-#;;arganfeja:fc (ilil-^Ptin^#, M14M{t;*j{o,i}). 

JItF: 5feuH^t^—4t}iSl’n]^5^ NP-^^feMo ujEfcl 3SAT !/3^» >$JT"rJxv —ijvz 

m%i%jm{\-x)-y{\-z)=0o mg, ^iamm, %3 ata-graft* 2 &^-g, 

x„x 2 ,-,x„ , 31 AM^Mx,.,x,.,. = x, -X, flfcfrg. 

2.26 ( ) %.xL^ (Independent Set) ^M^G.K), M'P 

, |o3@ c+SW'&'S—■(Md» ftKm&xLM (Bp-'NI^ii, n 


G%m, k% 

m (Clique) N 

fnj n 


al: 


fflittWo F'Jffl Karp- (id , ill; 1$ i£ 
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Si 2 ‘7 P. NP fll NP- 


2.27 ( frig 2.26 63£ —#ilft ) #f£frlTft 3SAT • jtfiAM 

ft m 'ftft'^n n ©^£1163 3CNF <t >. ft® G, > Otf/Sft m ft© 

Trj) BPMxlk^/ftft'Rj63^/,ft;&: i 7 i > M-ur^^E^/ftft 

fOM&^ft#^. K'Jftlg/ftH;fli 7^6331/.ftM-^Hy 2 ftHftTO&4ft]JS£;2:l)SliBi—& 

iio M: <z>g 3SAT ftft/JEtl* m 632*31^= 

2.28 () g'iE3:*fKj*m. ^&ta~f Karp-mmm^m^o r m 

R' {f,h,g)%L$L> £ft / * S* 3\ S R . 63 Kaip-JQ^, li^WT 

tfft&#. 

(1) *t'fi,fS;(x,.y)e/?» W (/(x),^(x,.y))e R ’. 

(2) Xrf'fE*; (/(*),/) e/?', W(x,g(x,/)) g R „ 

(ft.*;: Levin l7^A|0gj|ff 

hew: mm^mmuis j Karp-e ^m Levin- fom. 

#ttM. a:-^±tk, vEW&ffi^&mnuy, ft»63 ap/> %m$t, 


|>. ».y. 

7<j2U 


2.29 ( 1§ft-fc63!l3£3 )ft /?,/?' g PC,/ %)kkS R = {jc:rt(jc)*^} ftj S*. = {x: R'(x) * <j>) 63 Karp- 

jaar. ^/(^tr^/?') %mmm*i, m*ni*x, w|j?(x)|=|fl'(/(x))|. &s*#ft 
ft*H63^—#!58lJt®*1ISHfcto. ^ftft-11H-fc&3!/3£3> (J*L#%3tfiR 

[85]ft 7.3 ftO„ 

2.30 ( (^#«^[37p) MftS;lftme&3, M7f7fe£ 

JMiWIb] (ftu2) Wii. M, ri/£: 

(1) ^fi* x,a g {0,1} , W 

© M(x,ff)G5§IRSx€S i 

(2) |M(x,a)| > |x| „ 

(2) (**-£«) miD, i^ffi|x,aG{0,l}', ^ D(M(x,a)) = a o 

■ft*: 0rW£$$63 NP-il (£pft*ft#fg63) 115^07^7263 (in SAT KH, £**i2—ft 

ftsW, nTW±i3PRr^63ft^, Kft^ffl#9J^0^03i»a)^*)o M: toS5' nTWKarp. 

!ft£j*S, ft5j^nj#-ici63, WJ 5'SIS 63 Karp-03 £3 

-ftlt. a, ftitl:ffiitHi^fT:*g^63NP-^ft|HJ|g5, -^ftft*ilftTOM-#ft:Jtif3P 

■S-M^Htfil 01^3^63-Karp-!/3^3fiJ So 

M:*: ft/* 5' ft] 5 63 Karp-!/3^,M*#-ia#ft.#JEg-#B!*lM.^x B&#* A/(/(x),x). 

2.31 <NP-££*ttW#Ht (^##£®C[37])) i&S*0 rWTW+ISKarp-lS^, Ji!/3£3 

*ft3£M> ^J^fftl'0]nJ»63-0£tft #aiiaf£/*n g. SfP TR 

-ft^^itBtl'0]ft#ftnrjI63-8ft ft * , j* J£ 

r = ^(5) = |^(i):xe5} o 


“ M » ” |5] ft 63 : EP ft it 

def 


® S£f£ -TTWTiefcWWfti'ft^W. 
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(1) = {/(*) :x e {0,1}'}, G = {g(x) : x g { 0 , 1 }*} o 

ft® F (SK G ) {0,1}'7-^0 ffiljimtt*ye{0,l}*, #£Pt-M = 7G 

(j,x,i) e {1,2} x {0,1}' x({0} U N), 

— def * . , . 

® 7 = l,JceG = {0,l} \Gl> = (g./)(i). 

_def , 

(D j = 2,x e F = {0,1} \Flj' = (g»/)g(i)o 

€*W#Wf«T, #jW/i°(z) = z. A'(z) = a(* h (z)), Ifg»/)(z) = g(/(z)). # 

(2) 4-G, = j(g°/)'(*):*€ <7 A/'^o}, t/ 2 = |(go/)'(g(jc)):JceF A/ ^o}« ffifl (t/,,t/ 2 ) 

ttric{0,l}‘fjffl-'Itfi, f4i£-®£ 

t&£jj££-&u,wja£. 

^t*^^={(/o g y( J c) : x g F a / ^ o}*nr 2 = {(/ o g)'(/(*)) :z£6ai^o} , ill;BJ-jtl I”]tf- 




def 


def 


(3) U 2 cG , ^xe£/,0t> ?S^C^(x) = /(x), iSHlJ, xlX (/>{x) = g ~ 1 (x) « 

® M <t> M. S m T w Karp-!)3^o 

© /(G l ) = {/(x):xeG 1 } = K,,^G 2 B!)ilt*g- | (G 2 )= {g-'(j):x€ 

U 2 } = V X , 

xe F(U t ) Ht, <j>~ x (x) = /"' (x ), 'SJ3lJ^" l (x) = g(x) o ilEB^ </> ] fk T 3\ S [ft Karp- 

03**!, ^Mll»r^(s) = r» 

*Jffl3H2.30, 

2.32 M^STO Karp-eft* JVP+*^^E.iXSsa ; F 
fll^: JftlfrH2.34fi<JiiEI|0. 

2.33 Karp-U3^|lJ{0,l}', MtEjt^fPRT Cook-j0£jy&££ftj*hil. 0 

lit, 

S3 1 P+ttjt^Y/L^RnJtKarp-jQ^*^^ (JEM 2.7), 

(1) fiEH3: ^P = co^/!PM^-# iWP^^I-^RniJl Karp-03 

(2) ffiBJ: :N!P * coJNP NP\T Karp-fi**j3j£ 

2.34 #M£&2.28 MilE, ffi»!Ba»/*3E#W (BP*tt£lt /, #£M«, 

fiffift, #ii&/WJf, 4-i = sup B6N {/(«)}, if'ASIJ£/(« , ) = /W«<l'«». in£/*fNfc, 

(@^F = {x:/(|x|) = l(mod 2 )} 2 {x:|a:|^«'} ). jlfc&t. % i+\ 

®«S!WrsnF (^s&wk®$wib]), wi—x 
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NP fll NP- 



Ptli+ff. ##jEgflJ x exp(poly(|x|)), j&'N&S n > —AEl'hT « 3 . nj 

ib&m. bpf £ {x:|x|<«'}^w 

pki^j. AKrm smsr\Fx 

2.35 M: 4n*/iu£M££ II TO Cook-te^I^^nT^ 

2.36 (coNP NP- 7 C^mi'pJ|g (l£##»[72]» xSAT, 

CNF^*r(^,^). £ £09+. ^*pr*i£W, ^rT»&J£, ffi “ i?r ” £#4 C K <*>,£ 

(1) M xSAT NPm coMP M#i£|5|JK|l$to£&. 

(2) iiEW JVP4H£*>lc^r«ISTO Cook-0^ xSATo 

m*-. &.M-. #vi& sat m x sat wegi. a 

#±fe. flffllfrjg 2.15 £KjiiE0J3M, ijl D ij^ SAT ffi^-lRWffi^iqjHTO Cook-J0&|;fc xSATo 


BPfx&BSlIr A^nIi£ttRimSi, &mm%rmiQ—tkft. JAffiJ. ere {0,1} , 

f£|i|f ifift : </>J » |r| + l y b^S®U!t rtr o |n]MWt/li'Pjl'P] ($',$,' j , 


/SMKz- (BP^iHX^ff£'J#;tle]W, *r^±l). '/£.&: $nSd'*H'a5&W$atJ5LW, 


MKr. 




o) «Fsa2.35MiiE!0^ffl^±»jQ^iagftf, 

2.37 *Mi« C, vEW CccoCaaixa C= coCo 
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tb BR., ^ 


A® • ### • ■’+£, 


P *P np ##M3S® p 

S2 (Polynomial-time Hierarchy) (& 7 i*f NP |1§M—ftiT^l)„ 

^±w#is, 

l*)^J§g 

#-g(lft£l$iiWl0] (P/poly) 

m*fex*n®&7 (bp-m^#)o *t$Tii“s 

(PH) MNP^Wir, 

^&Wft^M#Mf^lft—M NP & P/poly +, JPJ^^Bifimg 
I. SSctt-% P-vs-NP |S|fi3££i£#—ft#® 

iUR. BPS#* P/poly agStHT P#SM?E*$, 

3.2.3 ft^ij^h, lltB^t, P/poly (J5L 3.1 13f) (iSL 3.2 

DT) ffiSfflil. 


3.1 

ScW^^SSBtWWWft^l^W^^fli^X. 'S'fn^SiJSf 1.2.4 

Wft#—#A##£#fflfaft#—^Wif-jr 

i&&> &*&#£ 1.2.4UB^tlio *i5J|Hi, 3 £H*J*IrIS. (£ 

I^it^) jfcltf, ®§l§NS&M^BtEJ#&Ttf®faSAe|—•'f'F E &i#X-tWig|lo 

Mft#-metjit®mM)i 3 U^*g&^p (^syja^ 1.2.4.1 to 1.2.4.2 
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3 y: I* '-j NP tflULIti 


WPilJr&fcrRf&l. ±i4^AS-MfpjA 

(in—Sfctt), ®nT^##?iJ^^*W^v&= #»J±4. (#—SfcW) 4 

^sis&ttWfettHiantifcia (jem B. 2.2 mmm B. 2 . 3 ). 

(japft^o 4 1 . (jnsjur). 

mt-mmmmT%.mw%o 

3 . 1.1 

IISI#^ 1.2.4.1W(HI) %1 

EiraAfltfnffiiS. *1ifiiaif4»#JIS#JSSAIlf|. 1T5fcSi£ 1 . 2 . 4 .lWMSifc. 

£313.1 *££4i&C:{0,l}'’->.{0,l} m &« ft# 

JC» C(jt) ° 

^aa “«&£«£” m±mmm\m° &&n 

^ffett+^PHS/SURIt. !R<tWflc|gJig« : F£j& (if?tfiAS®fi, f£Jg$fiA+Mffl 

^ft#)f(!®{I)o 

0«4 1.2.4.1 

Silt, **«Saw^S*o(5logs). ffcfeBHI 

( C -)- S N^ J * : ®®/ : {0* i r- > {0»l}*» &*##** e{0,l}\ WC N (x) = /(x)o 48&HI 

(Size Complexity) 5 : N -> Af, K-'l 3 s(n) xik C„ fftMIlio VkWLftfa £ 

IfcfM. (Circuit Complexity), ifif£ s f , WTtp 

tti7“ft£j8C. 

££ 3.2 (*»*jfcj*) ®it/:{0,l} , ^{0,l}*W*g&a^J$^^aifes / :N->.N, 

n ft#$fuA$ftf, IBThj¥/W*'h*ft. 

laJWA^'SWIStii 1141 pg$J*#. 

M#3tg&tt±R (jSL 1 .2.3.4 1?A 4.2.1 ^). “§*#$(” (in£ 




© #jay.*^-att(bia h p-vs-np h*3e*. waiiw -mp*mp *MVii5&n-4 <msEis NP^ | t^^^riit»e?WE&¥S£ 

at—^wwifeiawsi b.2 w 3 . 2.3 u. 
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ii r/utfdi 


a ] & x & w js «r w i ^ 5t m & * s§ # i? w im ® 2$. —^ f«i & nr m £ j® ^ m ® w * s& 

##?., $n£'£qTSAW£flS^ , feftfi&®M®® /jJcUffWiS (HP#£M:£ /», 

weN, Ws / (n)^p(«))« 

^JM5t,MllHi!^ll(C n ) n£N ScfKj, #P^£nflI n, oTI^SWI'h] poly(n) rtitW^S&C„« 

-JRife. W 

£jX. 3.3 (—Sett) *SS^(C B ) Stffl. ^tT-iuA n pg 


the,, a^»4f^T+#^SSc^C n MtIW^l5^io 

&*: A^M^^%J®M?S-Scttwm^, «, Rim. *t«A 

w« w v, ijajM v(sEitdj v*^c „m 

Jtt 5.2.3 0SJ£^3.3, tt*2J*£±-gtttfctt3Stott»i±OTWffl-+-S^tt#Ta 

^fg 3.4 $P^:—^R^nT^—. KlJ'tl-feolEfe^Jli^ffy'fBjffvi 

1.2.4.1 ^^Bb^T. d3^S2.21 (SJS3.6) fitliJE^jili^ 

def 

ffiBJ: iSA Jt 3&-2A JtmftA « = |*|, i$fflii-Sett&tt 

##SJ4S&C„; H-iiA Wi5AC n f0xiiffl^M{t^vi (£313.1), % 
mc„(x)o fifc.M (&«&) KHfc££#fM£J3i5£, 

fBjrtiitx (sp^^«=|x|w^jm^)o Sift. ±a#&Rrw«n*fc w (x)Wtt»a:g, 

^»A(BP*)-feapw^^»trart^di. ■ 

3.1.2 

X*Wlf«#W “^-SMS®" Is. -Stiw (RTlSBft^-aW) £«5S;«8&feS& 

#§&—aw£:®5S&®fcK$§£ra^®i». M_t, xtTir#. #-sett±ptKJfc&Ti&& 

mm, w*ms#, #-sett* Oo &m#j®-#i+irM, 

-mm^-rn, #-ag®«jjfc®a£ffl& o m^mm. i, ®wjs “&s#-gttt 


mm, ^KffiifiAM. JlkBtM^-3Sg®SjSC*ffi®!tiXW-K® («AK 

sift, mm^xi.numw^mmnm. 

feX 3.5( #—g[ft) £3SiWIR*P JVpoly ) »a »/S^ |SJ rt jpjffl-fe® » /: N -► N 

&#. 

(1) ^tU'lR * e {0,1} , ^ A[a^,x^ = f (x) * 

(2) ift'fi®; w e N , W|a n | = /(«). 


® 


-att+Uffi-m “a*#a” su 

a®giife5Fa!se«» (-ait) 


&*> “&*#»" 3E»im>J®4.4 4‘WtSttiB 
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$ 3 V '4 NP ifiUtB 

t n eh w i*i f y ffl -£ 37 / tf'imix «r m w n ^ih^%. rm 

P/poly P Ip tfijlrM’ p % it» 

M2*. T /0 = T, (#$) (JAL^S.3.7), (Jo 

mm (ja^ii 3 . 6)0 mi 
mac, m 

m 1 % °t it ffl >fe j& w & X) o 

^•feS&TO^inJ^o ^Wf, ^H^y^falSWftiT^vfeo 

AEiil 3.6 #-iJ lii I»J «S M A T /poly Hg ±1.IX K lJ JTIl g J® A M tH 1 tiS &^ A M ° 

m-». *mmm&t, t t 

fcwmm: a mmgm^mmxm\\{a n ) ne ^im. m 

mfemi.u mmmmm-^migmmm%^mo ^#i=, m 

mw^ A(a w x) m\-w*mmmm% poiy(H) 

eurTo mm&vi, f£#*H£;txe{o,i} n , ^c n ( x )=A(a n ,x) muj- 

£S2.21 ^C x (y) = M R (x,y))o ® 

mm. %%t%mxammxx at, HaMcK mmc(x), i=i, & 

BPifeMtls nJffli^O(slogs) 

v^]®*^0e^riiMBnJffl-K:*2elog 2 vW$^ifflj^o □ 

3-#3iJ£ 

f'FlK'o' S 7§f^$!t£lt, iOM^-^Eg^lH^p, ItHffiXflim nWSC I {0,1}” ^ p( n ) o'HMS 1 ! y/poly 

M W Cook-mtjZjffiffiMMM&'liig (JEaHS 3.2)o Silt, SAT PTW Cook-1/3^^;-^# 

<zT/ polyo ffis, SAT TO Karp-!l3^^#M^ J.iX^ NP=T (JSL53 

3.12)o 

:P/poly Iftljjfi 

fi^^s 1.13 mi 

(MaW) iSife. 

£13.7 C^MM, $i&) #§ P/icP/poly P&.&—®W^MIrIJS. 

&»±, P/lc2>/poly, jpjfflitjft, RTWiiE^Jtsftt*W > h^33i^lfaa/„/ 2 :N->N, 

iU 2 -/, >03B±|f, ®|J 3>//,Ji P/hfoM?#, M^^3.3o 


® ft.t: a. stHi c. i'®-“*-a”flf)»». ait. <w*ftts«, Ma,=x >. a^siT-att 

WffeSS*. 


89 




my um 


M$. T =T/OcT/l^T/polyo T /I NH, ## 

1.13 WiE 0 JR IC4 J ffi 0 J77 : Mi+#lftM#®tfclft#£ttR^<£7^i!lA-£So 

Sc{0,l}', ’ xeS'^R 


i^^y&So lli, MfiE.tS *e{0,l}* , TfxeS 3-iLR.S r sS „ fl 

y£/J Off a e {0,1}, ie{0,l}‘) |P2ti5U7M (« n )„ 6N - = 1 S-B.1XS 1" e S „ H:,lSSiJ, 

$±, /l(fl w ,x) = lMttS^S. 


3.2 £9i£tf|iilJS& 


jvym—#4si^w*r. fffifii, %&ql%mp*p& t, &*+ 

£ 3.2.1 im^lAIE^Ji'.o 

A!P 4> W*-&nT(sA#f^JiIHfilWf e Will#, M$t m 

iklfoiiit. ii^Slf^P. &m#£-^Karp-M, # S' 

!H*K, MH&WA (“«#”) M#'J 
ffl£*£WM Otfj/,) *iiEW (RSBtfUSMt##) &-£, !H#ifcSS##£. HMEtMM 

{R&ift fo Ait (®$MbUVy ] Vy 2 ---Vy m < i>{y,,y2,---,y m ) WlE 

jlfcllt, 1*1 


A' “Six#” *H#« 
ft (M#S), (MM. i£ 

Kiia OWsW) M^tA^MWlEiitt, M£ “iSSM” 
ftfflffiif “&«#” II^TKWWWiiHIB. (BPiEM 

“3m#”, 5H& 

-3£#rrM3:WiEfg ; £-#£“S*f#”, SffiEiSBrW^J&fc. Sffl+ftS&ff&ifc 08 

#r&), aa#r.6Xi;tt«in ($^J> «*&&, *a«&&o £iioN^E+. tiPMUrt 

iflf£ ko 

±&&}$.WM$tns Afn^ mi-u& k mmsw. —& 

#JEg-^ (0-1, zero-sum) W#M, ^WtegTOi^Efr (ilft^MfE), 

*7FS#—'Hftafc, &j£ : fcj$&&S, graft®#—(*-3bfto 


® 


MFf&ifeiSi. £iiFJl£*jc+, 
#Ux. #: “Hi If Mm" t. •& 


%mi&n-P.MikT-!®M:$miy]. ir^ # tt a w t w <w -g- w if * 


(BP*fflT^3>W*«S). 
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1 3 $ i> 'jnpMU: 




x-ff a *+i ttussctu®^. 

3.2.1 

•f£WT£X^. (ffl&ife, Kaip-jSgffll&Stt 

{tfm&(ia^iis 3 . 7)) 0 NPMfexmfttm^. 

feX 3.8 ( E*3£) k 5, £®xt p &£JliW|0j 

W& v, {$|fxeS^S.{X^ 

3 \y x e {0,1} /,(W) Vy 2 e {0,l} p(W) 3^ e {0,1 } pH -Q k y k e {0,1} #KW) 

?pj£ 

^(^>’l.—^*) = l 

wj»3NjsfRijssaT5:*i«s. 51'j, 

ii^: T. \ = !MP S.Y . 0 = To (Polynomial-time Hierarchy ), TJ~f, 

(IP ?J7=U*X* >- £J*5£BffB|JI 

def _ __ def r _ \ 

%gL*tf}f§*SUM'MfeX, SPS7n t = co]T* ifcfeXZ k+l , = {{0,1} \S:Se£ A | 

(2.4)). 

ft® 3.9 MiiMk^O, M S If E w p »MS'en*, 


5 = {x: 3y e {0,l} p(H) , e S') 


tiE^: ItxS 5 M7 E*+i» ^ p fB F&IaE-X 3.8 FJ\i£, /i! X S' fct3^>£ |j>| = p(|x|) _§. 

Vz, e{0,l} p(W) 3 Z2 efO.lJ^.-ar* efO.!}^ 


m 


V(xy^„—,z k ) = l 

at: xeS ^_afX^#£ ^€{0,1} HW) (*,>>) e .S' , §5'en t (JJL^ 

IS 3.6), 

9 ~ M, />#&■£ S'ell* , WS’ = {*:3ye{0,l} , ’ (W) , ®#(*,y)6S'j, 

MttT p' mr, W (x,y) e 5' |y| = p(|jt|) ii 

Vz, e{0,l} p ' (W) 3z 2 s{0,l} p ‘ H ---Q k z k e{0,l}'’ (W) 


t4S 


( X9>iM 3.6)o (^7 S. z, B&lhj'iflJ max(p(|jt|),/?'(|x|)) ), $tMV'\#L 

®j£±fe^gfc, nJWIfflJS'e E* +1 o ■ 

3.8 jim, 
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iitruAW 


(3) 


®‘ 


&it: ntit 


u 


fE t . JIM, M 




:;!Mlg±i£fKJlHt (2) (3) ®@jlk, gg£*. 8 


■JjW, aBf'Jffii; 




JIMi£, xe^flUlt#!. Jktoft ®.fxfft 
.y, , 3fr^t£y 2 . #^H— JjztiYtyi , Wil-t^Ji. 

iiJii^-'^T»l ! K)&S,MMW*MSS^*(x^ 1 ,-,^),M»#5!iJ*iiial Ffii£($P 

3.8 )?T^)o 

PH & P-vs-NP (5J 


SfllSI-M±, T2f=TM^ T=NP 

SW, &ffiifrSRr£ffrJS3.9&tfi (a^JETifr^.ioM^iftll-gp 
#). ®3 ? =^PIl^-# 2>#>P5fcffi®| T+NP* Hift, ^jTE 

^hsh^s c bp Ttwp), <bp y> jgs—3§ cap jvp> Ms* <bp 

TM)o 


s:, M3»5ijS^JS^wrajiaiHiffimMawii4t;. 

ifrg§3.10 JPtttifeifc^l, £pJ|E*=n*, J0lJ E *.,= E *, JAM T3f=L u 
_ti£ifr|g&<ji£ifrggM£ (gp y^Z*£3-#E w =E,&Erni). i=0W, ifrig 

3.10 M3§—^OT/sKaZ:, ©&&“!»## ( BP e ,= e „ gt-g-# pj£=e»). 

M: -gE^n*. tlftM E m =E*o 3tfEw+Wffift^5. ilifr^ 3.9, 


l£#S = {;r:3ye{0,l}' ,(H) , ®f(xj) 6 S' 

L 

ffW ( infrig 3.9 AU 2s 1 ) 


*-i 


TO#ilJS'e E 

<£& 


*> 


RfiSW. (JS.5.4^). 

© (2) i>wa£Sr»a, w / **# o) 'pMfem.xwmt. mmm>/.x^mwiti=ix-,k ti-nx,<-u(x„,y l ) w# 

f'Kit'tx„=x),it'i'»#* ^(xj imrt&&ie[k] -fr|x|^/»(kl) -w-tw« P oi y (|x|). 

^JJSSHSMSSK. V. ffilf y(x,y„-,y l ) = H'(x t ) , K^x^l/ (■■■U(u(U(x,y l ),y 2 ),y 2 ),--,y t ) „ 

® ftifj@ m iiwis?rx£#ii=-iti jaT rtm np m cook-Du m ® m. ♦ £ ±. &# wcook- nt'i k# ?t t- rtf w—i'T*( J y ; ^nri2 
W f®) 4'. 


92 


$ 3 v I’ 'i NP 


’ "5 


S' = {*': ay e , $#(*',/) 6 S") 


M.MW 


S = | jf: 3_y e {0, l} /,(W) 3z e ((x,y),z) e S 


<#s»jpjfflisra 3.9>, mumtseZto asatffiWTt^ 

aw^-®#. 

M7Jt-gP#. ft*: B&e«=e, (Sc^ifra, n 4+l =n 4 ), MWSw=Sw (SftH 

fflM3.9), mm&. Mfcm.j^k^Zj.rZj.u TJ{=Y. k o ■ 

TO Cook-ea* NP a a* Ha 

^WBtfBjM^TffWnTWcook-ia^pj^pw^JSi^a cja^a 3 . 4 ). t®« 
D3, i7£gMMM/17&ft#S§A luaft#ffi0E7£ 

(*ijffl Cook-10^ )o Ittf, -#£Sbi#ife 

2.3isam7A > ha : fiB-«'#iawrRia, # 

ffiH7£ N p-^£tt. ft*: Mia, mn 

rntTM^femc, #ra7&7MMNP- 

^^■14. ta&, ^Ara^fflG+fflwa^aaa-Has^a^NPiiSij.jicfti mu^f 

pirn cook-ia^* ow. @iit. 

JVJPWi^Ha. 


«*Haa*-*f aco #}££ 


a rsj 


ft*: - 

oa (jsi^a 3 . 7)0 ftciismm. a 

Sfcf&AWSRaA, J.*A3iXt& (#itt) (JEM 3.8). 

3.2.2 fl^iTOA 

(it) #iw;£@5fe*jsc, ^w^niwi 




PI o 


c^^&m) # 1 $ (ja^y2.7> ^ 


Mstii <je« lid ^{*a, Mt/:{o,i}%{o > i} , I 

j/awPdKW/nt* x krtsisw c^a*M) it#, it 

«£M£«Bff§] c®W) jvy/(ft* s 

;«;yw, h^rtw^ jv3>^-aara*atF#iw#i»ffi^«). c, 

« M> c t/7 Ayy£#MMitt c^^fww*fnia/. 

#a3.n mi^i, tE w =^*. 

M&, E,=AP Eo , tt^F/Uta (B|JE,=A!P=A!P 3 ’=A!P E »)o 

ffiBJj: itu^SPA ( BP £ „♦, <z JMP^ ) nmMM: JfifftiS6j w , ^S’eYl k R p 
ftltdra 3.9BPS = {x:3je{0,l} p(W) , #JEg-7«)£OT*/l. *T7 

HuA X, mm feifo f $Lf& y s {0,l} pU , #!5.&fcS(*,>0eS , W«£»A(xo') (iaMsBr^ 
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i \•&*£&«•: 


't- (~7c) ® 

BP JVIP Sa c£* + 1 , TO^S 2.35 WiiEMMfrffir (K+W 

&K: (^MMlMlWIsJ) #l« M pjf}££fas"£ 

mjsz^. @iit, A/ifijxd-www^isii^A (-£#*) w^asK# (isf^y) m 
MUk&mmq (,) (x, y ) 

m (Jiy'f-'Nfc#) ififl^'W)’ 0jtb, ^J.'fX^#S^€{0,l} poly(H) ?i^P^T 

W'Ntfr. 

Mitt (“&S”) W&iafM(*,y). 

gftT-'hfc#® 

%igWo #£tar 

^itt^M^. 

^ A/^lH WiflJ|aJiS(S ()^$buA x y) i£fa^ poly(|x|), PllJW^eS 


3y 


t 


v 


q{x*y) 


A(x,y)/\ a ((a t V7) = 1 ) 0 (« W ( j: .)')^j) 


(3.1) 


#S' « (3.1) ^ffH 1 

^(*>y) A a (( a ^( x >7) = l) <=> 3^|' ) yy^' ) •••Q t 7* ) ^ (9 (,) (^>7).7| ,) >"*»7* ,) ) = l) 


37 


v 


ffi^E w «£X, pt» 

W$feffl(£, a£ 2 )v(^£, A^ 2 )W^ + ltt^^i£jt£, o£ 2 , #3&Si3&m®. 

f+)tr^n]'Wf#Sy—A+l 'EJAMMisW^ (&.t: IM]»illM* 

# k +1 &Sis]$|&ltt3li£:£, M# A ft, iiJiHA ^a (,) (*,y) = l M1t»3| ATM 

^^•■■Q k y k y\q^\x,y),y^\---,y^) = \m^^, ISXftf vtfty? ■--&$-> V 

(? ( ' ) (*.7),7[' ) .-,7l°) = l). ffA^Tt-#JffW« W (*,7) (M fl W (x,y)) fKMI. #£fr 


® KbCuxs-^esss!. 

4fc« CW»JJiom3ffK*j!E). 

© a^KTuEis e 4 „ g mp^' wafttfflww.#. 

«(ill. *mHiS]p, Wp,, *i£iC 3y(p,(y) 3z/>,(y,z)) 3y((p,(y)A3zP 2 (y, z))V(^p,(y)A^3zP 2 (y.z)) , Jg.#XS? 

ffri 1 3>arT^(p,(y)A^(>.y))V( n p.(y)A3/»j(y.20))#fee«Ai ll 3y'Vz , **p(y i ',r* < ») 'fflMWWi-*, #«IKl*ifcttBJn3y' , ,-,y'' 

Vz < ' ) ,-", 2 < ' ) a'„ P(/‘\z u) ) « 
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:$ * 


»v. 

V 


•j 


NP 


lEWfi P + i Mf%V ^WiE^T » ■ 

-C, C2 

Ai&Wt'k + MMiifcM. C, c > ^oJ^E±3M7g«|l| C, *n C 2 *feX, #fi C, 

#£±, c,, mj 

C, WH. «C,^Rnsl**#W«Jg±R (^PU'tl'H]&/lSc$|Hj±m) M (a 

£3HMS£M) #lSiR»J (sR&£> M&-&. 

te# A/f* S, JQJft 5 e C, C2 o 

to cook-ua^jfij np ttmraii, s& 

jpjffl±j£^, ^to cook-fi^sd jvy w^jjefRiaTBf^ y *7 ^j/s* np w =e* 

W7-* (J*L^IS3.9). fflJx, nn^Karp-lQ^jIlJ^P^j^fpia^^^^Po 

#M3S3.9, TO#PJ*H£1U^i, WE*Un t c^‘ci w nn w . 

M 3.1 0pf, £*j®i£Tii-i£i&. 



IS 3.1 + 


3.2.3 


P/poly-vs-NP | % °]^5. PH 



iP3.iDrj?fa. feX P /poly M±I?i&#L3iTO*'Jffl'&ft y#SM > .MP*E:#tti* (M 
iiiyfl JVT’T'iST 1 y/poly, ffi]'& 4P Jik yffl £iil) = ^ y/poly ift iS III MiZE Mill PH ('# 

cs^bp^ y^ 


np, mm&NpmR y/ P oi y ). anr^wipw^-att-^ p-vs-np muss^. sajun# 
«~F. y=^y0t/fW^Pcy/poly, 


4VP c: y/poly« 

£313.12 £Pli ^Pcy/poly, KijE 2 =n 2 „ 

z 2 =n 2 ^P7±li^7 ph = z 2 (JMTS3.10), Silt, #—y/poiy M— 

( BP NPcz y/poly), "PH o'5 efl 2 JF#n. iESe E 2 <> !!■ 
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i\flMfrM. 


5en 2 Mfxe5 SaiX^^WWy. #&-^z, &U£T(x,y,z) 
(ISl^W) ^J^iWf0]oT^iiEW^:M3/.o (*,;y) 

Cftf#)tfJ?fW£tt.y> tC(xj) = l. ISllt. 

M&C)a£#itb^iIE co^AP 40 i£#3x«5 _a C 

40£/»M, £WTM4o TOMJS-mim. 

M^SiJdafiiSnTWfiiiJNP-^^NM (M^IXMnp-#iJ;£|pM) M'hMfftKo mm(t'i ('h 
Mtl) ffei$nT UM£<fetfl{x,y), 4c(*,y)& < J--'t-NP-iiE#g ), 

^T-nTWFtyJ^^iiF.NP-iiE^WjEfilttS-V^ (AIIS3.il 40£ifc7£ — *+^4£, 

coNP-DIMfMff )o 


mSWMI15: &s*n 2 4MiIc- > MiS3-. 3.9, #££I®it; p ^Hill¬ 
s'e.?V!P, tEf# S = |x: \/ys {0,l} P ^ ,(.x,>')g 5' •« -§■ R' e TC 5' EP#iS: 

p', M# x' = (x ) y)e5'^M^#ftz€{0,l}'’' (M) , ®ff(jc',z)e/?'o 

S = (x: Vy € {0,l} p(H) 3z e {0,1} / ’’ (|{j: ’- k>I) (( x,y),z ) e /?') (3.2) 

Tern m>mm (ja^s2.io), fern.mm 

&# ( gp y/poly) nrLU»)?'WM|p:gSo 

oJWffiy* X'tffiS^xeS , C , W C^x,^) e /?'(x,>>) 

(@^(xj)e5', kklfti R'(x,y)*0 )o £} —^rffi, >?M:£3lx£S, ^ y, (x,>>) g S', 

C', |C'(x,j/)d'(x,j;) (SiP—f BP ^'(x ,^)*0 )o Sltb, xeS 

poly (|*|+p (|*|)) Mf&&C', efjff^WWye{0,lf (H) , W 
((x,_y),C'(x,^)) e /?' o 4“ V(x,C',y) -1 ^UeLIX^ ((x,y),C(jr,>>)) e R' , nj {±1 5 e Z 2 „ 

liWFo 

£ 3.1 If, M, 3.1.1 

t-^. mmmTc$\wp$im ^np c p/poiy m 

«*!££■, PCom Cook-©£4* ?/polyo 4##Jifc, 3>C4»ftM3tl«l 

0'J. i^S w e[poly(«)] . ^3#k, H^f#?iJ( ! tf]ft?±;i£ /?' e PC WM^IpJIS (-fe^J n ) fKj 

4iSft» 3C$EfJt_tPS;% poly («) •XrIf" ) P oly ( m ) 0 

TM1HM, xeSSJ.tt^#*->h«B«[*poly(|*| + p(|*|))W*», ffi&ttB rW 

^e{0,l} p ^, W ((x,>>),C'(x,^)) e /?'. )±S: jc e 5 ^ e {0, l} / ’^ |x|) , (ac,jK)G5', 
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@jlt. ^xeSfft. R ffl #3 J3Z (ft $fij AFcS^ |x| + p(|x|) C' 4c 

«'WSi|B]l. V&±, n' = |*| + p(|x|), & y F{tX®U& J F|.x| . 

fx' £ { 0,lf', ^ (x’,C'(x'))eR' x'eS' . Hilt, ^ff xeR 

poly(|*| + p(|x|))M(&B&C', i|JS.Xsfffi*j»6{0,l}' (W) , ^((x,y),C'(x,y))sR\ £-M, $P 
Ix«5, WJ fftiE—^y, ttffiWMz, W((x,y),z)eR'. M. £i£*M#81T. X'NPFC', 
frtE-'ty, im{{x,y),C'(x,y))iR'. **#^16. xeS^RIX^ 

3C’ e | 0 ,l} po,y(W+p(W)) Vy e {0,l}' (H) ((x.^.C'^y)) e R’ (3.3) 

mma. (3.3) (£i 2 *j£A jim, 

F, y&*ffetter MJSifc, 

iX^((x,y),z)e/m^, (®%}R'eTOo JftRTflBMffe 

M^iB^(C'), ±lrW (^HsWO) i+#Fifi^r(;c,(C'),y), ^fixsS^fi^ 

3(C') e {0,l} poly(W+p(W)) Vy e {O.l}^^ V(x,(C),y) = 1 
B^iisn#M56n 2 fSei 2 , ^MFiJ«f#SiJ^itn 2 cZ 2 o ^affijE 
3.9.4)o ■ 


& M a. u 


ft* [l39, «^Wffir, Karp $3 Lipton [l39| ^p!±S T P/poly Ml 

aj&mT p/poiy (^^ 3 . 4)0 

(T2f) £lStockmeyer l2l31 3|Ao ?^Wjd=#^tSX (jfJfflJffiHWX 


■#l> alternating machines) o]'JALT‘##^S^[52]o 

Karp^P Lipton [,39] am. &M5W0JMT P/poly + (BP^il3.12) ft] 

iijf+^-sctt^-awftsssftt^ifiiw^awKjR. mmm T/ po \ y m 



3.1 ( Tl poly » M$*5#Afe£59* «-!£'#$ (ip 

&fifc/£*ifiii££#fRMttAa<Jia4fr (IfRIMS^MiAKlS#). ffiaj P/poly 

(fifes 3.6 05/S:fc). 

3.2 fe^Sc{<U}‘*fc*#ifcto. $Pll#i££« p, n, W 

50(0,1}” ^ p(n) o 






(2) A 




ri 


^ T !poly Cook-jB£li!l* > Hl&ifc 


m*: HitJf?lJta„)„ E , li^ill{(l”,/,ff„,,) : »eN,/ ^ 

la 1} , (7 %a n tftm i bt#o x, S fl<J Cook- 

m<], Kft^piisnu^i y(W) {o,i}' o 

3.3 ( ) ffiBjmttM^®l!t/,<?:N->N , ffi&l(n)<2'-' RSJcff-m, W 

T/lM T/(l + 8)^]%=f-^. 

41*: MiiMmn a=(a n ) , ffi& \a„\ = /(«) + <?(«) ^ 2", #fg idx 


(jc) ^^xS{0,l}' , 4 J Mff^/^?l. (x) 'ftm* 1 (JLidx (x) ^ 

fft, xe S- n{o,i}” o M^aa^ja4.iUo 


a 


n 


) 


3.4 ilHng z 2 T0iW& Cook-MPJ JVP 64lil^- 

41 *: BJMPJffl 3.2.2 WZjMfcX, Mzm 3.9o M 

fiJffl^S2.35 &4MM, KW# NP i§ coNP ®r ^S 2 ^SWI s (J3S 

oTja^^3.ll MlttH-gp#). 

3.5 *?A=m> c\co!nt, mmA^\^xcook-m^ a=t s ) < , 

41 *: ##SS 2.35 MiJHB^o 

3.6 ( n*3S) [II$m*4££jOj^coE*40^, JS#X^JJC^- ! 5{{0,l}*\5:5'eZ*}ffl^o 

Yy, e {0,l} p(H) 3y 2 e {0,l} p(W) Vy 3 e {0,l} p(W) -Q k y k e {0,l} p(H) 

'('£# P (x, >>,,-••,.)>*) = 1 , A Q k %]'fc%fcsk is|, A Q k > 

l5c{0,l}‘lfn,. 

Bz^jVZj^X^.Zj) (^4^ z, 2-$f4&G4o 

M: m^a^i, Kaip-e^Tjas*-^ 

£ltto &§£, *F±*Bin|S-iaft kQBF, ^-ffiB/J kQBF Ifl,, R S* ^Wl^S^T W Karp-fi 
^JPJ kQBFo 

##fg£*h 

IhJ |g . 

3.8 < tj{ 5 Ac°im%m > &mm tm 

ftttt. MiHlffl “Xttl” vf] (36 aH) 3t*. 

JR, %JgWT£X. 

• tfeS&^{C„}^;A)3i-pcitt, 

*#±ik, *i-«a(w,m,v), v^T^wnwmi, 

i5iiitt;#)o fiM: c n MW :64 
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JJV3 •?: P'a NP fKj&'JB 


ilAWti. 

• iuAZe{0,l} A tt}p-ffiW%7ii&— J \'M&'m£%lp(log 2 N) M&E&c* - 

^AtLXt'fE^ie[A]» c z (/) Z fftH / tb#.. 

T: ^SiiAZe{0,l}' V i^S5WC w (Z) = l . 

(1) MfifiltSei,, ffi>$#£-#§3S-Mx H&®*Jtfi<N 

X^AffeSfr. $t£SPm Karpj3^*#1^^«uAlftM (^^4S&). BPjQ^St 

^^^Jxe{0,l}”Bjfe|^^^^^uAZe{0 > l}‘ v W/7-®BJ^^. && x e 5 ^ _i.ft^ C N (Z) = 1 (& 
^jtfij Z^7F*feS&c z , log 2 TV =£1 \c z \^ poly(w), AVrfiJ N ^ exp(poly(«)) )„ ® 

&7K: 45e E t M F3.8 t^Sill'S. BP x<=S '^K^3yRy 2 -Q k y k , 3t 

+^^Z, e{0,l} po,y(H) , E.SU£K(x,^,-, 7 *) = l. Silk, w = poly(| jc|)$ 1 A = 2* m , #fg 

HSWfeJfcC^Zj-v^ 

(SPi&Z^..^ =Z(x,/„--,4), J£+[2'”] = {0,l} m , **Z#:fcJ!!!tt^*x). ® 

£*C w M&SIAO(A0« 

(2> x5rtt**&fifWAW3cMAw, «s* * raffl/s 

WxtieTO^*ftAW^<tjS|JSa!i#itz t 4 1 . cpio 

c N (z)mm\* wm%- kikmnttmfornix k 

AjC Wn. —^v-H (SKa- 

H) MM* i MlXS»Tr££;£- (x££g|3) MM* l. % 

^ALt#^AW{tifenJli ZMflSW^iSiSS: 

±fei+#<, 

3.9 

(DttffifcJfcSsO. tl t c^ s ‘cl w (0®, C, ^^^nrWCook- 

JQ^*C4>*^»^W^. #»J±4. T P =T)» 

( 2 ) xd-ffit*^o, n t c? n *cn, +l (H^: c, W t^t^r T^or-)* 

(3) *fttiu^o, Wi* cn i+1 &n 4 cs* +l , i^if ?^u ( n 4 . 

(4) *fffi**^o, Mi,cn, (sKn 4 £i t ). !H>jz t =n 4 (ft^: ja*®2.37) 0 


©iKSPif^P. 5W fl«B# JV =S poly(n) 

© ftitfij ^C°itlS»rt:itff±fK)^Ktfe <M##£itt[83,ll5]) ^1^7 h&ifcKC* 1! 

aftswttjttTz= a(z*)&*&£. «•!• r€{o,i)*"'' £-^«NifcA. a zr + *^@hg 
ttW. USDS. ttitthft.fca'i JtMtttXAWfW WlljtfM. »**) Z Wh5»(WI«»IIW# 

ffl«A (Jtj»®Jii#f5)nJ3^/7<. 61^^,,,.,,, = r(x,i „-,, t ), Jt*t> r*B£ti$4i3:itnjrft. IMSielo,if’ ,k, * ) it;f 

ft), a-7S4i i'bJ® jUJ&T“ll¥ft". PUftSfttiiKJt (*g|) 'k N^ x) HL##JC 

W183], 
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lYmi&tt 


3.10 &3H3.7, 

(1) SAT (ft K.arp-l/3£1jT) ft IQBFo 

(2) *fft*A2M, W 

$1*: vEWinmsm C-5Z±M, K!| T C =T S , ft*: 2*<= 2* tftftj/g CfiJ S 

m, ffij T s ^ T* Blfljffl 5 e Co 

an (^3.12) mfem. 3.i2raftwim 

a 3.i2 

(1) trft, MM rWtlTIf (SJJCJSL^JS 2.13), KiJ^iJ^ r WiSKWjT.itt 

RTftcoJvy+jNj*. £<**&. Miift 

ckt^ = j(r,(C)):V©e{0,l}” C(a>) = *(«)} 

MfcoM’t. ft* : »i\:xrtTmzmm, ^j^mr^ynunmiz^o 

JH/H: ftlffl A) §S 3.1 1 I^h iil W$M&\)^Xi HfffiS&ijE^'fiE* /< n i co > 

C(<y) WfS^ftftlfSy^ft C fftSZlfBft #$bu A <y (ft Ffl S !i3^j6tlfi)l±i» Silt, ^MT* i <n , 

cmkft i W«uAWlE^ftnTi±i^Klt^ft i iftlijiAEftftaftn'ift#*. ;*/7M C 

(sEX5rMW*W*ft**-KiS»A) MlEfllft, RrWtk«*-^e^±W0S^tt(a8 

t). 

(2) 0«SAHbgTff&!Qglfi<J. ftft 2VPTO Karp-MflJ SAT, AUffiSS 3.12 SSI 

Jt*: ftSelft, 3.12 Mftlftfto ig/3lftS' $J SAT (ft—ft Karp-Da 

*ft.ft*5 = {*: Vy e{0,l} p(|,i) f{x,y) eSA t} .ftlffl SAT 5$®* feifrfl<MB&.ft*0xe5 


ft£8$l3j poly <|x|) £ft%S&C, ®C nT*Mi*ft:J^ftjgi2 poly (|x|) W 

SAT; (D*fft*>>e{0,l} p(W) fC(/(x,ji)) = l . M5eZ,, 

3.12 3.2 %®WWKarp-!Q^A—iM«ft 

&^SAT ft =^P (£##X^[81])„ MR#jg-m7MJ£, MM&H-ft 

(&US#Rl^{l}\ Jfcfltfr#nTB^ffi*—t^-TC 


ft ft «±. gMWSWft&ftWMWBfrg: 


M SAT TO Karp-W jM^cG, i£GeTflC\5Mi®|, jflij SAT e P„ 

*#*? sat m&*hs, 


/Jn : 


— 


&Karp-mmM%-^mT gm$ attn, TO&ai&ik, mftwft 
ft&ftnJMlftM, #M.8g&£*fci6@> ®#G4>W^. ftJS—#1#IST, 
ftJSft 5, M, —*®^3£ftrtlfl5gg*i6|§|, M 


® *f-T-n WM»| -f-xt&ltffilf ti&ffin tfc#$, 
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$ 3-?: I* '} NP 


IK-fto 




(j^ ly(W) {o,i}'n(G\s) 
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4* 




vZ&Pl'&jj&zI, 20 -fr & 60 


a^aiwMKsa^, lom&MMM, <s&>ha&w <#^ 

m> m^i^w-'Mtm, spsta®ai##»utSMWS«. ^ss 

fiJM£«Rd, Iff# (sEi+JI) fiaina&fii8^#:fc, HWifira 

£i+jrfiMfesi£+, $na-^#&Rma£*&#Etofc«»*. 

*fci2ElTfe&a*£#EW$«fta;. “#S1” M 

aaTasiaw, nt&x^&f&AL, mmm, 

Mjm$i#psAMo &je 

steffl wa»*i«£jms«irt, m 

M. “if” Maftltf, &S “&£f” 

($p/(w)=« 2 ^?(«)=2") maa. sii, “if” w 

StWiMtas^i “g$fl<j” inmm, inittfl]*P2ISJg:&tt. Eljlt, 

to# 3^wfltiurtjw«te, 
l*3ft¥&. “0-” ^ “if” ft fig, 

^Bft *»£&&£&. 

(Hierarchy Theorems), ^fljjIfp£:i£f I | , ES}lJftfai'fe, JAiTdJb HH+#ti'ijfKjJtJH■d 3 

#£ “UPt” a a»") (Gap 

Theorems).. & 51:31 (Speed-up Theorems), V , 't.S5 , Ji^^lR]^MS^ 

tt3E8cjej8tft«F7B. 

Ptf3H£0J 

si^m^pi (in 3 ^BdfHj) w-scWfi*ttaiKa^it-ir«a. a—^nb, ft 
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ifs 4 v w 


ffW'^SJ.#SlJ#Mffl0 < ]i+#1iST. a#5>'^SM4W (£P Cobham-Edmonds a£J1)o 

tE, &—fJftiu jftitt, 

“M” TK£&i+@E^Ti£&MTK7iST£ 

MMAKJt^TffifWM (£4.113). $/5, ^ 4.2 

<£& (E4.3T, 5.1 


4.i it—tyLtfiM&'&m 



(E l .2.4.2 TI#P 3.1.2 U) ET^i64l^7 —TMflAlllM 

T/mm, gA/iN-^NMs-AM (e*:e 3 . 5)0 &m-. 
fgSTT-T^lttWlim, TjFFimWK-filA (PgffiiJ®JffilStiAfe®±) TE(7iA AMfoffi 

p/2 n o 

^iS 4.1 , £:n->n, #6&/'(«) + < y(«)^2", E^E^PS, IMP//' 

^ P/(/' + <?) MTU o 

def ,/ \ 

fiEE: 4-/ = /' + tf. %^iPT«Sji«WIPft il. a, e{0,l} /( "’ &«n A 

/e{l,2,-,2"} (ME—"A n fcfc#tfO, (ttlJH/^|a„|, H'J A $frtfcl a n fftH / tfc#, ?fJM$frtfi 0. 

M$, ^ftME|a„| = /(/7)Wa = (a„) neV , l||Sc/- (x) = ^ H ,x)lf TH . ift-^ife, TIE 
M^JaMTiEMifc f -. DdimE^/^TST T/r, hkmmm-wftMo 

(^sWlE) j¥ft^'WS^fWaSJ£|a:| = /'(»)W 

;7?iJT = «) n£jV o Tiffed. 4£fl'JT(g"TW!li /f(tf;,-)itm r 

s. m$, &T«Tiiiii2 / ' ( '’ ) , ikmmmf-^A'jnmmmmm^%2- SM (bpmje 

J a 

PBT n tfc#$W). MM, S-£*M£)ftM n RA'Iftl&iL, Sift, 

feThJf ft ® £ fcfc^J E *. 

##*«, <?(«)-2 (&t-£® 

>. ^t^7tp77ME/' wm/jtj, 

£TOi-i-jr£-W R tk'#iiiAfi<j2 (,5(n) ' 2H ' ( ' ,) TT|s)*f(o ^-T^TiiTfiJS ^ £&g/(«)fc 

(Mn tfcMft&A) £5, BP2 ,(,,) „ ■ 

*«RtM|cW{ 0,1}"±W^^®»»*I^, EAAi# (EE 

4.1), S^3^Ti(l:p4|T^E2 l/0(logj) , M-TBjy^WA^E^ =2 2jlog ^ (jpjfflTE/'(«) 

5iOriH*toa£»*). ££S4.i 


-*T' 
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” Ji^nT 

a ^mmm n t. ^JiKwa^WiUKma^iijqTUMB*. &$t 

M, -*5#—8cJC&tt*HM (BP^a?4.1), oTW^IAAitMit^l’nlM^iiH^ji^^ii, SM, 
0Bir^ftiitPIIS t t , W*S^NHft3^fKfflI (nJUSffe^sSRtW) (f^fijffl 

;R*BfHll#l>. Hilt, P $-&tfc±-Jg0§S1B5M£W 

*i&. sitr^ihffiMiiEB^* 

WWW 6 ^ fnl®S^«P#4isfir &t(U±R3i £ &. 

4.2.1 Etf|I]JI*K 

a®: 4.1 ittn®&Wffi%;liiTW%&)&M±^ (in£i&-&®). £BLt, 

W1i#Bti'a]g^jg/:N->N^#fe0t, «lUiftfifi|:fe«ftWjail^W±R. m-m&, SxMfr 

Kx'mmm, ^&^mm^\fmk^mwmt{\x\), tm&&w 

^ / ffeii^^HU'5fc^tl J iji£ y Mf-l s S ($Q/(|x|)). #£11^114^ A (JSL53M4.3) 

x^o(t( n ))#iH c?fwj, ifwnu{n). j§->h^3I 

(-5 (£#%3t®C[123]rf 12.3 1*]). 

feX 4.2 <BTjfeBttei60«ja»> a#u:N^Nf*fci*jfeWtei£M, in£#:£jfj£, m 

■fUArt, t(n) ?(«) o 


$jfiff2 i f& “£F ” fKj®tfci+#£23|^Ii'|& (ionis poly(log/(«))^rtif#), llfcfft 

(JH'naJ.iifflWit^MM. in^E Cobham-Edmonds Tfogg4 , ?'£ 

SiJW). Win. &ftateSJ.iifflWit-jr«£T. i£fru,(«) = « 2 , / 2 («) = 2"S/ 3 («) = 2 2 " ^ 

S-llfraTiS poly(log/,(«)/^p 1 ilit#o 

mm, *i=f%fcifwmm (i-t Taiwan?) mi®s/ : n^n, m zww 

f rtRTWW^JSjhijg, $#nm#-T>J® 4.7, ^Mi^limT 

^*i imiXO" />r,ME(//2)o 

4.2.1.1 B4im8£S 

(g*E#7 £>time(/i)^Z)time(/ 2)) iM, 

t 2 mmm, tPlIS Cobham-Edmonds 

(nTtMP4M^)o 

£&« 4.3 + , , i 

/ 2 =a»(f, log/,).&/,(«)>/»#, Z)time 0 i)^:£>time(/ 2 )^^^^o ft, M 
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■f. 4 v vifiKtM fcJJjffevtAS® kHt 


fem 4.3 X5ffi*Rr3S^WatWaSS[/,Sft®0S«[r 2 . s 

/, (n) ^ (log/, («)) •/((«) JL/,(«)>« Ift> ^timeC^i)^ ^time(/ 2 )IWK-^ 

ft-fi^MT^/SM —ft#§^i&ft. fflffllanTWSWl'H] 
0(/log/)|)ftgfii£-ft#lM /d^isfi 1 . aSfcO(-) + WM^*ft^ife^}6lW#l#- ftM£ 

fi 4.3 ifitr, 

*rfe4.4 OTttfcftsj.afflWif-jrsM. ft 

ft—ftlE^*^ p. / 2 , ^ / 2 > />(/,) H/, («) > « Ift, 

4 

Dt\Me(U)^- £ > TlME(^)ftvlXft^o 

Et3JltnJffi!±l. t (<&&/(«)>«). T l<iftftft— 

Mft rWOWfaffi. iEnTtStiJ, BPtt&ft “¥£^jWIST CBPiWO?). 

F£ ft <?(«) = exp (poly (log w)) ) F tii/Sift o itt '/fftik* ;e;iS ^ lu( <y C KP <y («) = n® 11 ' ), 

P 7i £>time(^)WK : ?^» 

4.4 TilLUMffia^ 4.3). RM£S 4.3 

HMft (J&53H 4.5) BPnJo m'^ t, It ft ft ft (BP 

/ 2 >/>(/,)), tt£il4.3 ft7£ffl£«—(HP/ 2 S* <?(/,)) a 

4.4 ftM#J*£ifcljmSR»-3ML3H 4.6. 

jti& 4.4 wi: — u & 

it” ftn-i&mwn-Mmigiit* u fmm, ft 

c @mD jmE %& ftit itm s tw *@m ns m >, &m 

(/ 2 'j . ^ ft /,' = poly(f,) M / 2 ' IS £ X %} #t £ 

t 2 ( n ) ~ poly(/ 2 ’ («))» UtoZm*., UTftSmttPt Wp 2 , &ft 

Cobham-Edmonds ft^ftF)fiS:iiE&tl^I^i'Co /, nJ 7* = /?,(/,) ttiftT 

ft^fflMttgSTfc&ffclii. Sift, (BPp(/7r'(/«))^p 2 (A« 2 )), 

W 

/ 2 ' («) = /?“' (r 2 («)) > /? 2 ' (/?(/, («))) = p 2 ' ( p[p ,"' (/,' («)))) S 5 /,' (») 2 

*ffiifeft«HS« (BP/ 2 >p(/,)) 

jtf&iL, tm^LM 4.3 c t; (») > t; (nf >. d TIME2 (?/) c d TIME2 (ft). 

ft Z)jIMe(/|)£-C>TI.ME 2 (^l) ^ ^*TIME2 (4 ) £ ^TIME^)’ ft ft ft ill: O ■ 

£ii 4.3 /, AWisira 

&i+# /. *jthPlft^ftoJtgWt/L^ (BPx m =(m)), 

/(x w )*M'(x w ), ICft Af'(jf) ftft/,(|x|)^MSieo Win, nm£ft. 

f(x M ) = \-M’{x M ), &M: MtfflTM'IiJW, 

/. ill^SM A/^^iiiAx M FTfW rtiitx (M, 

A/'istJ-ftEkfi'H]/, rt). 


^TIME (^1 ) £ A ) T | ME2 j n. 


^TIME (^2 ) £ R 


TIME 

T1ME2 
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urmm. «±, fwns^ffl&»Aai#i»WB* 

%kn (Kn^^±iHMx w i&ttfij m) n ftMti&trt, #b. v ota- 

^^#jfjj=-, Rrw®«//itjmwit). sitb. Efe]^jtT>T^, /*£> time ft)> miw 

NSMitiff#BPffi»l/eD TLME (/ 2 ) o 

iHf/WIFfeW&/W^JSC (£&—Sfftfi&M: af^SftAx, Jffe 

> 1 #/ = /, (|jc|), x fftj#l£fr M = //(x) (> PJ^uB 't'tt^'dL). 

«iftAf(x)W/^islF. 3B|sIl—AT'( jc) . &*: M'(x) A/(x) <BP&/ 

&jLU\ BS&&M&). &tM, $U*A/(jc)<ff/ W\M'(x) = M(x), WWJ. M'(x) 

WSJSLfcftM. Wilt, in%M = ti(x), mf{x) = \-M'(x), M, (fcfcjp) rT4-/(*) = o. 

%i w.m f €D TmE (t x ), -t- 

M, #fg«5A x u fenM = t*{x u ), Ellfi/Mi, ^Wi^#«!rA-^«o il£, 
—ifrffi. A/'ft* ) = **(**) (H* AfWntfUfijSifa*/,). 3-2fffi. /(*„) = i-m'(* m ) (eB 

/Wae-JSO, M.M M(at)^/(x) o 

OitflA^) a/M / *>ii# 

litn-i, immt, m m 

#=#Bm#Lt&ajrs;itt. sm, iiHt*. <bp 

^ft-^isfr^SKiHS*). Wilt, 3RaBr*fl A/Wft—^SH«P rT 

(JSL33M 4.7)„ 

Tffi. !Bs*3R«3W.±fliasi±^WH^iW.. 

tti 12.6), Witk,/xtT^uAjc 

Wit»0<]a^J®±#^o(r //W (|x|)log7; w (|x|)), ^ c B7’ Af («) = o(|(M)|./ 1 ( W ))^SH^m± 
limMtfl AfM/,(ii)^3sll^l?#»Mit#7H8 (fti!2U:fch&). 

18!& (tl^) Bfclt (BP/i(x) = x). mP,mrtt 2 (n) = d(n-t t (n))vEWfemM%i$;, M# 

t 2 (n) = d(l i («)) , w^iltlft r /(i) (|jr|) = 0 (|x |-/ 1 (|x|)) ('JiS: ittW x M =(M) SXttH %% //(x M ) = M 

w—#$&). WS^BiAx M =(w)ortiM, %'£m = 2 m , SPnTiiHBJiS^ao ifeSfc 

Sift, y M^I ; !//, Sx = (M)01 2l<M> Bt, ju(x) = M, ®J®|, p(x) 

/JZWI/l^o jlt^t, W|//(x)|<log 2 |x|<log/ l (|x|) , ift r^ w (|x|) = C>((log/ 1 (|x|))-/ l (|x|)) , 

If-iff o ■ 
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$ 4 $ Mtmmt&M w 


7, 0^&#7tl7$l£7; (i) (|x|) + ( W J U(M)#*ttB-J L |/'(*)| ><» ft*: 

12.9)o ♦ iJJi, 7^^—^^Flsl^^o 

\(M)\ 

£#*&, immiv, m^x = {M)o\ 2 ' ' fft, p(x) = M , 

a m 


& X 67 


WM, MMtB, f$l#3<M)oi 

mm, fj( x )=M (im //(x)TOt@gw#ii!»), 

gw ft. Eft. amttiawji, ^14.3 MuEWffifc, fem 1.5 67MM7— wtitfex 

67W^AiiJt/lt§67W (BP^jc = (M)H7, //(x) = MA 

S*: XtAfl: 


BPSS4.3 67M{XlX)i£S 1.5 ffit 
$0 (Universal) gift, ft&S 4.3 (MxSHil) SJX 

7M7h((m),x)67&{I;*jA/'(x) , £7M'(x)^71IMA/(x)#£r l (|x|)^;t)0&;|ao ®£ 

P7±, w^ffii!0iP'fieffl7±^a»W“^si w . m^shi 4.3 wiiK+a— 

itfc/ii#,, /X x 67 X7:6) ^5 ® $S( (Diagonal Function) fii, 'iEl'f^rf(x), ^ T'ilffl@^ ; S:^({/v(x)),x) 

e«Ht. «±., ^m{x)=xM 

/£7^7iSfflM87W4 ) “Mje” MMMm, fas^TC/rXj^ftkw— mtt&mmmm 
mmM“mmftm”o is/w^xw-Mix, *r/(x) *</(*), 

mmjft-MnmmEt, mmmx,m\n.r, mnm (^ 

m, immm^iu^iitXE- t t a ^ 4.3 67in-: m '7w-& 7 ta mm ii- n /67 07 in] u 7 
JMM'h, IS^l 1.5 WiEBJ-f. KflSfllfil/AWirWHPRr. 

4.2.1 .2 

Btwm&fcm (^14.3) Hf^7ilfflmWit#a^)i^^Hj3MMl7jo EP£QJ£TOiyA 

def 

x, M^r_ t $ y, JBO //((A/),x,/) = y ; ^ uA x Mi+Jf^ilT t 

x def # , v _ y . s 

/j'((M),x,t) = ± o O.M: n’{{M),x,t) (Kj'HnTlX ; i4:0(|x| + |(A/)|-/)/i7F(j^:!±io IX K^iiHB/J, g? 
3 4.3 11^7^^ (BP//'((M),x,r)> 

(Ilft4.4). #»J±tii, //7TO#.£ 

^iftrartinr (H*»Ars-a«im^w). ¥&±. tom, rTOi-TOTOTOjsm, 

MXt7litA x ^i^lAlf'r'tJL ( BP^a" x,/)://’((A/), x,/) *J-J 67 (& ) 7 


® 


© 


gtsflUK+MfiEiffll*, /W®X«##-f W(*«) M/,(|*„|) £!Mr. <HE#-*T«5«l «(*„) M&*. HS« (B|JfflJ-ir t?/M 
»S4) M&#»2// j (|x m |). aiSBET/JB^ . J1 : .R “#fjsj@«fa" • PWitlWTMl'^ 

ISBl/j < I'n f t, > &nI®WF‘Jj£M. 5tjT«i*Fi£HS. «^fi|«1-taSS dtfffiJH&J!**) f, ) RS‘^K:«tA(KUt»ffliflgM^ 


»ttkiSia. Witt. W iHftft! WX.tiA®«iAa![LitfiBnnI„ 

S.^S. rr.iES 1.5 attiiEngif M' = M . 
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iiiru&tt. 


A T, ja^ll!S4.8o 

fiEW: M, *&S$IA x Rt>\x\, //'((M),x,/) ftjfiflJ# 

o(//log 2 /)^rt^ctil, HAifi- 5 ! “o-” *ISiE7 —M WHtM. 

nTjfe Wttlift W h in t 2 («) = f, (») • log 2 /, («), w £> time (/ 2 ) = D T1ME (/,), JAM 
(fi*8) 4.3 M. 

A 7T S M W 8 if /, (riA£r,(«)>« ) S / fiM^o-5eD T1ME (/ 2 ), 

t 2 (/») = /,(«)• log 2 /,(«). %fg$nTJ*fe: A 

flAi, m5feit#/ = ?,(x) ( ff-H-lt //'((A/),x,/log 2 /) o 8A 

£—^Mi+IPimasMAffii&pjAu, /^/®, JAM, STO 

*n-tffl d time (2/,) = Z) TIME (/,) ft n S, D T[ML (t 2 ) = z> T1ME (/,), A£I 4.3 A/5 o il] Jib#-tti fj 

SIT^16 f l, JfeSflHE. ■ 

4.2.1.3 

»fD TWE , fflJV TIME (/) 

t «±. &ASAcm7#*£ 

(MSAC2.7)o ^ASitU*! INIP^WSAC, i^Sc{0,l}‘lfJV TIME (')- M 

(1) ^MSUxeS , y e{0,\}'^-i$.MV(x,y) = \ o 

( 2 ) tfffigxeSaffi|Cye{0,l}* , fF(xj) = 0. 

ixawasacaaisiwj, (Ibmiiii), mmzmm 

(£>jm 4.i o)o isa^sm* 

/ 2 («)^(log? l (« + l) 2 j-/,(« + l) (M^/ 2 («)^(logf,(«) 2 j-/ l (rt) )o 

8IE h > ^ A («) ^ (log*, (« + O' )•/,(« +1) -S- ?,(«)>« M, N TmE (*,) H N TmE (t 2 ) o 

ffisj: 4.3 mm, m 

-f+i-i-jf, * msassa, MKimmm, 


&*lJ£rnJH (feMT “Ji” in “5” Wft®®) Wni-Arii^i^rjfWW(2' l(|jrMl) )^i5Ao ® 

MfcSteit/jsA d time ( 2 ,] ) mu a time (oh )) - ftwmmmmmfrtz. 

mnmn^ (Msift) m m-^-aawa (W(u#^«e») iaft 

i M = [« W ,/? M ]> A JA A N fft [A IXI A ffi A, Jft Hr 7 A'J S 17 M. — A >7 x IM 7 H AIA 17 » XtJi A 

xe[a M ,fi M -l], SAC /(*) = 1 A/Sd#liiSi+#, tb# /, (|xr'|) /, (|x| + l)#?} iS 

def 

^fnuAx' = x + lo felitk, im M fKjMMA/gA*,, il (#$§Sife) &g{x:/(x) = l}. JUI 

sE# wE# m (ilfiSitii) Ai£^/ M AMffiAf-, SXntfcMM 




« ^ » 
r i « 
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$ 4 knt 


/«= 


u^^y\W6t, 5£j£/(/? M )=o^_&fxs#£M 

Hbit^dawD^rt^^liAa^ o tta M AtM 

A/*t0rW$luAa M ^'ffc^fflTi&nTo 

#5tfaJI?±i!lfii!i-T/:{0,l}‘ ->{0,1} fi / M Wit51. 

{£#><„(z) = lSB.(Xa#4 A/W^fll^®, *g4/,(|z|)^F*9g|S^A 
z, AtifnAtT x e / m , W 

X/(* + 1 ) ,Jce[a M ,y9 M -1] 

— ’ x = Pm 
«T*ttiitfig«lS^{jc:/(x)=i}W^filS#l». fiMfiA^, li^fflgfxfr 
SEfH][a M , ®E#inTW#1tMo 

(1) XtTllA;ce[a M ,/? w -l], gflia^IS M^f|Ax’ = x + l £K)/, (|x'|) if?# 

(-*%' 

4.3 (ft ijE ® l«J) , tl^ffi^W0 1 t|Hj^;(log/ l (|x + l|)) •?,(|x + l|)^/ 2 (x) o 

(2) m^ x =p m , 

up A A# (a*) ft 2 ,|(M) # AM 

a:,®: 

ftft M W T m d = l'' (M) • /, (\a M |) % . ^MfKjEfB][a M , >9 M ]'I£A (in \p M > T u \ ), PW&ftM^ 

( BP r M ) A T- 1^1^/, (|^|) , At Tfo m tx m M t m % Br I nt IhJ * 




(l°§2 *1 (|A,|)) A (K|) A ^2 (|fl,|) ° 

Hilt, Atffi/JlM TIME (/ 2 ), 

M A ^time (t) ° 

fflixiOA, m /(*) = i}, mm 

Mx, ^ a m (x) = f (x), a m £KjAtIJiC#nfu#Tj£ (BP a m (*) = l AfLiX A^lt m 
UB £ r, (|*|) # rt ft § *). S£tti£E|0] [a*. £*] Mftift, *Mi it x e [a M , /? w ] , W 
\ (x) = / (x), S( X ) 1 ^ T^fff IX e [a w , P M - 1 ], W / 1 w (a) = /(a) = ^ m (a + 1 ) 

S- A m(Pm) = f{0M) = l- A M( a .w) ’ At ffi] t# l'-h A /S' (H A if. W A, (a M ) = ••• = (/? M ) = 

1 — 4 W (ar w ) )« H 

4.2.2 ttMIMM 

ASH 4.3 ftfi, — ft /:N->N ft f# 0 T1ME (/) = D TIME (r 2 ) ( «£ # £ S 


© «sii. SitRM, wfr-[a„^]. *f«t rss < +#i». #x.t7i(M)=2 2,i| ">. -fi a = i r,(l " ,!l n. 

a M = 0 r,(W) A ttfi, lA| = 7i(k|). Hltfc/,(lAl)> I\ (|a,l)• 2 ,|(|a,l) . 
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i't 


D- 


t IME (/) = D time (2'))o (Silt, ±i»^®8 4.3W 

/f)„ t, t M'hT-/ 2 (SK2') 

jea 4.7 (utrasiBRjea) 2 *teSMW^i+^Mg:N->N, #£w#jwi+#s 

t : N —> N 'Sl'fl^ ^TIME (0 = ^TIME (&(0) ° 

g(m) = m 2 (gtg(m) = 2 "). (BP g 

M: m gtt^w^riBWira (sR#i»), ch^« 

^MN'f0]MM. IP in* 

is «/I tt1$»AW#l. PJ/, («) = oo , WJW. /,(#») = max {^(x)} .^^x) 
i ^ wit^firA x Btiftmmtn#m$Co 

IMefz^«(z)tf0lWSS. Mim *q*/,(n)WR, /(n) >/,(»). 

ill Hit'S iff 7 z, («)g [/(«),g(/(«))]. M^ /,(«) = <» B|, (13it/ ilt 0f 

W /,(«)> g(/(«)) ) o Hlj it, #t ii M iTl m |P n, WTIU Jg X t(n) ^ fff M i e [m] , W 
/,.(«)fs[/(«),g(/(«))] c $n ri ^ /(«)=max (£[m]:( ^ )sai («)}+1 >o r'Nl 

ttJKA. g+waft t MiUinutf)' ^ t (£n^ 

/ (n) = max (/ (« -1), max,^^, (n)ja> {/,(«)} j +1 ), W. JC IE fit! & -?3I it t RTif; 

"Tit#, ^M, 

& > H 5 !l#r##ifcffiA<J. R^^JHfr^^Wz,(«)e[v,g(v)]Bppj, jg 


nTP^iijfflm/ y N)i^sM^g(v)+i^ c*t^« tt##) rt#j#r. ifcatsift, ^mmi^ 

l/L^Bt. jSi^flcPJ—'Hi v, {J : ff^;#v>/ I («)^c#g(v)</,(«) (/ ( (n) = oofftl#<51 )■> 

nj^^v=v 0 ^ (tznBr^v 0 =«+i), mmmm »iu»>?,.(«)sRg(v)</,(*). 

*/,(«)&3ERM. WJ««HftT2*.(g(v 0 ) + i)^2.MflreJUfttflv = v 0 , WJWJ. MITII 

V' ,(n) 2” . j ypztLfa, #®J—^££flMtv>/,(#i). a*: Hcff] 

*-^J = V 0 J 1 \ / 

#i!l! 2 JlT«*/(»»)Wa^. 

4-^:N->N*fia-‘ > h5ElfJ.W»WaSi[ (in//(«) = /!), Atv = « + HT#i, 

v i e {1,2,• --,//(«)} > sK# /,(«) < v gK# t , («) > g(v) o nliSiivH? /;(«) A g(v) 

« tt#$it3¥Wg(v) + i^. 

afi/(«)*n—v{t, &jgf?it (S4.i js&t*/(«)##— t “» w Wvfi 

ttistig). 

{1,2,---,/£(#>)} . H„ n 

PJ±Mil^SflJiiv = max(r n) ?(/7-l)) + 2^HU-^^m. K4 3 


® 0rei«ax4ft*». w#,(«)=i. N»i*sAiii.ff7-#a./gjaH'«i. 


no 




$ 4 *•?: zimtJU&'M kn? 


T n = raax, 6//< {/,,(/»)} (£&±, II&f+tftiftR g(v) < T n 9t ) 

g (v) | 

4 <») 

f, M 



t, (n) 
t(n- 1) 


B> *J"T±&iia 


4.1 

r, vEW D. 


tfeS- t(n) H 


TIME 


(0 = £> timeU(0)^^" 


SeZ) TIME (g(/)), » ^3¥StS£T®i2g(/) 5, BPJfifff* i», W 

/,(n)<g(f(rt)), MM fft »> W/,(n)<t(n). T 


5 fv I ... . _ _ _ ... . - -... r _._. 

(Look-up Table) 0Jt#i±i£ni&.SeD T1ME (/) , MM> /£JSf#iiEo ■ 

im-. ±&ffiiji3*j££W®» i#it, ±Jzfcgff#w- 

|0j 0(2"-g(?(«)) +7^ (/(«))) F*3i+^/(«) (^XR g[f(n)) ), itW 

g(m)FJr$r#W%ko 

%.m 4.x (BP^s+ittD TIME (g(f))> 

(BP D T(ME (/) )■> (iPttfi&AffiinWflMfc) WfnI 

1 , mm, 

w&ttiqiiiiisf 4 . 4)0 ® 

aeIJJI 4.8 (trtiMM^S) *H£jtRri+3¥M (WXifiaittW) aft/, #£—'NilJgW 
^"n So ffi&%SeD 7iME (t), PliJ S e £> TIME (/'), t' M&g(t'(n)) < t(n) . 

. M^4g(«) = « 2 (s£g(») = 2" ), /, im%SeD TlME (t), 1J. 

5eD T1ME (V7) (J3KSeD T1ME (log/))o ft*: 3 4.8 (Sm&fflttjft (#ft) &, 


So iiNP^^E®iip]ga<]i'a^iM (jb.M2.33), 

ISM (ja^si 4 . 5)0 

4.8 ittilEBjy, 


B W M Hi n 0>J o il m (iSL 


® »:jg: ffigw.4.3 WffiBSTe^.ng^T^ttiniiii*, 


ill 










il ftUMI- 

##»[123] w 12.6 IT) +fc|it 7JBX D JlME (/') \ D T1ME (/') MMit s, t'{n) = h(n - 0(1)) , 
&t*{n) = h{n- C o{\))o ( SP h(n) = g (n) (2), £ 

X g^‘ (w?) = ( m )j JeL g* 1 * = g )oHi"iV s ppj|£|f£.s / > 0 > -Pr-ft j > / A. A %f /A> 

nTflEfftlHj/, 5, iiM/*(«) = /r(«-A:). 


4.3 



* 


^»JH«f^a4.3 HS14.7 £&±, 

xrfx i bj s ps #i * w ® ® $ i a]« fti, imm ra s ps tn $ w its & w m m® % & m . # s«w g & 

MM #»J« (WT^HiW) 

ja5DM4.l2)o 

£M&#«£ifc;tlir. Ht®5fc*S-*Bi£fcliR. l.2.3.5 W£fs]ffi&J£ 

sntrB]M«ts/B+, «mj8#£MT+jr*M. m 

XtffigirN^N, #&&fBlM%8[s fiwxmtfjpl 

D SPACE (s) o ^M'T'aZlX 4.2, :N->N 

Aim, XtXllAfKjw, «tH5(»), l.£ttJI^M£fyfflIf£#±a(ii)A#ft£fSh 

X, ^HUlX j, («) = log« , s 2 ( w ) = (l°g w ) 2 &i 3 (n) = 2''W®|[. bISSI'b] 0(log5,(«)) [*| if #o 

^ 14.9 m 

s 2 = <y(s, )_§..?, («)> log« , 5PJ O SPAC h(5i)^ OspaceC^W^X^o 

^a 4.9 ^siwxxa 4.3 (ja^ 

g 4.13)o 


^ ift /± 



*#rt#£&tlSI±.^XNP-^£ttJIi&a<jJldi.& P-vs-NP |aMJB6£}g^XM^lft|Bjo 

ilfi (EPX^MMfeait) 

Hlit^ait (£iS6M*D WMiCiSsaiAo M, MiUj, A 

MWPXh Jt—, Urnttist, 

®” n gx nj \>x t#sytpj % x m s. amum t^u t 2 < tt 

ik Otime(/i)Aj Otime(?2)X1b] )° 

&mm, 4*Wife(l!l “—®” imfiffifi, P-vs-NP I'nMSJ^ 

m, la-xa, 

5.1 "‘pfp 5.3 t? o 

SXA$ittJI#F*]^, /i^^a ($n^l4.3) da 
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Af 


mm w? 


Hartmanisin Steams |n41 ffi0i§<. ($n^Ji4.7) E±3 Borodin [47| iff04 Borodin & 

Blum in®5ES)o #%»[123]H 12 jffTt 

($n “HiHia”), 



4.1 * Mt&s&ffinuitft* 

s<2" , tF„(^2‘' oW , WSF.I^J 21 . 

n tts-. ^{ 0 , 1 } s,=o(i-2')#]^mm° mac., mum 

l*Zn. WF„(s,)^2 2 ’ > 2 i ' /0(1ob " ) . TOsW^Sl^fy- 




V S J 


. ^4- 


>hH ; f^4*'t , »Aaff#- > hnwef : tRrsB “n*r w 

4.2 ( nTGB+gMftjM) MiiMfeMffi&WiM t, OEm £>time(/ 2 )\£>time(/)4’#i7^ 

'a S. &0^iy.'flEic£'l4B\f |h] 4) tJ aE ( B|1 5 eZ7 time( 0^' K r t :| /(n) = 0(w) )<> 

7F : hK. i$k ii S'& 77xime(T 2 )^time(T) TF $u > 4 r(/w) = /^2 m j , t? )M 

-Ln^-H. 


11 


5=x0‘ 


:xeS' 


4.3 (^}gj5C 10.10 *|S|)), iff 

04 fi mm m ft h fa] % && w n s & &? _t m-m m % h* m % % &. 

#Jfttfff*$ftAx€SiHfflJ£ft&f, #'/£‘oX 

ft*: slIMM, 5BI*ft^nri6A-&3ZftftB4fll*^j#, 4iff.04 

£n*sJiWfsgltt, JMJr&JIWttftHtM&S. 

4.4 ( ) iff04ii® t W5R^ffl^#l^HWfRlJl, ife 

nrs^-wra**?^/' £4/'(/») = 0 (/i) + (/(/i)/2). 

MMiittfiftt (ia^c) nmzm. 

a*: o(«)33i^^—7c«iA^fl:*if#isxf^^#*wfliaaa:g(HctiAttw 

eg it, 

4.5 (ffitfe 4.4 wmshee) m^a 4.3 Munis®, Mm\£wm&4.4 o ia-^-i-fe, ana 
m w / g(\M\j)%m%n, mmt 4.4 

t 2 («) ^ g(iog«,/, («)) #Pi^5io 

$1*: SSJ^eZW(/i)M®J&Ctefti*3 4.3 iff044#T*£&W, M Dt.me^^hu it 

® fM ~F iKl SC 14 ^ ^ r£M ^‘j ftl KE ^ f 66 Rd* fffl ^ =2k f^F l- ^ Bvf 

ti(n)&fftm&W%L, 4 : 'it^7’ M («) = g(|M|,/,(«)), B./eZ>r,ME(r), £4r(*) = max 

fcwWl- 
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nnu&ft 


4.6 R\T 

M “&$f" W®3& r (.Mia, Wr(«) = « c . j£##tti:^lfcc'>0, 

t(n) = 2 C " ), £>time(0^ ^time(^' 

xta»/(ifc)=*'*', fliis£> t.meO)= D imE {f°t), w 

£>time(0= DtimeO" ' °0- MJo-^ifc 4.4 -?Jg. &M&1. ftTuEffl 

7Aime(0= Aime(/A)*S ## -D-nME^' 1 °ty= £>time(/‘ °0 ( fl-H.’ft '&. i), mi Scill 

( HP « iw It^WHA, 4£ f# /(«) = (/'"'»/)(«) , # S. * £ ± 

n I—> w = (f _1 ° f‘ 1 °/)(«) t( m ) rt it'^)o 

/stttffli. (ir&w) 

(5-gtf) 

« y HI'§'S.jstf T 0(«) 

n^: ###?£ “#»” WlallM. 

4.8 ( s\P<t»«-+BfcW**> i^l4.5, ijE0^^^-{((M),x,/):«'((M),x,/)^±j 

def 

7 * VP, m> £ = u c 7> TIME (e c ) M. e c («) = 2 C " . 

4.9 (EXP-^tt) m^m 4.8, vEty TXT cf 3 ^ 7 il 1=1 #1$ >7 Karp-MI'Jlil'S- 
{((A/),.x,/):«'((A/),.m)*-L} o 

4.10 \IM 4.2.1.3 15f+j&aiWlVnMEWM#3£jStffi^— 

“vEffi” 

MWtik, \y\ = 0(tlogt), £+/ 

wm'tf#mm, (w\y\Mm&m%o Mmufs-imw* 

4.11 4 . 7 , uEii33^-ffjftRrTHicwaft/':N->N&^^^»WRrTh#a«[ 

g:N->N , 7#P£lftnri+3¥iIl$U:N->N wsH t > t’ _§. £> TIME (/) = £> TIME (g(/)) » 

4 .1 2 f&%m 4.4, mm 43 Jg&SWSfe 

(ftm: 5.1.1 irsjscM “—^g$|b]SM” jtJTF# 7 i& 3 :). 

4.13 vEWfem4.9o 5fcMM4.3 WSfiQ®&J£JK*. 

m*-. a#®—. 

4.14 (sfHjsiffitsa) m%.M4j, %u&#vEw ; £\'B\n&iMm&mfemo 
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iss.#nf3 

S£*]-f • #-4i#r, W#«P^, -#4 

-tllSI. jft*h £*£****+. ferafiMttntPSJSWttWKaSi. 
&7#$£raS&ttW*M#SE;i*K 

frw^.^in. ^ wptcowp&ff-^nmmMM &, mmmmmm£m%.M±$i(i.n 

JttTEtfhilgJUffBM (fa !N£=coMn. 

^W^i+JTlttMgMfe, £-fl> WfBlJft A W*f »£&>]*& 

(fi^*fliM) m, &-# 

±. * ?J>RM WffrW if HIT: %-/l¥$5n£ ffl ^$ |b] IfJI?/£■ * *fc 3 (in TSTACT m 4 1 Jl 

RMlBgr. ##tfjtffcfclfrW3S—3£ttlR:fe. a—ap^WSjSJi C5EISJ) 


jscc, (Wifei) fflwwisj^aittii 

a—ap^WS^SfiE^T M£=coMC, 
i£ il £ I'B] W M 3& $ I'b] !la £j A¥ #. 

Mfsn^ME TSTJAczm, ii w»sm&tfymftftfc&&mipSTACE-%&fto (&&w 
itH* i'b]jq£tf ). rnirn&m iw 5 a$ ^ SPACE (*) E d space (o(* 2 )) zm w*gnatt„ 

. J v Bffa] MIk f±tS U fi|W|. ftJtl^-fl#Ji+#4gMTt|5/S5l®o 

*£±. $1*0 gjfcttSM It 8*1*1 *3M4M*fc. 


© RWlMWtfiSl&il® 5.3 £l>JS 5.14 4’. «4-«tSflJ^Xfr-?lJ (Crossing Sequence) M«:&. + 

ttis, MiaiH^lS-WWWKR+^Tffiffliitt-ttiasaKB. 
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il l %U3Ml 


IS. $ (JSL5.2U), (A 5.3 

U). (E 5.41? A 


5.1 


IMn5fc^S£fE0*&ttWft+;i/MB^« (JE 5.1.1 Hf). fi$, 5.1.1 

(1SR. fflWAMW 5.1.2 UWHW). MAJi 

(JJL 5.1.3 U). *Sr#Jife, (5.1.3.11?), 


fflAfiW (5.1.3.3 HO WA 5.1.3.2 (W£>space( 5 )s d time( 20(,) ) )o 

* 5 . 1.4 nr, 


5.1.1 /M 




M3J1#14£i£ 


(spitntjLrt#')o 

@itk, 

«urtA#tei+ASiJi+ir#TSm^. Hilt, Mfl3#0c«N *I^Tl*l#WT&&;fcM«iA!ii 

m. a-2rffi, &$iM- 

tiAft& («MM*Jl4Rlf£W$iA^) ^Ri£W, MfllHlSSr 
^If/tWilth^) SR^W. R% finite (#ft) i£ 

^NJ8. M H jg W 7 I'tiJ M M A A £ #§ f H W. A^Ayf-. £W IMfOSISK iSL l .2.3.5 

1?) M. #JfeJSC 

BP—7G$El£jfcjS, ^4>^^I^W#fil^fB]W€fSCllWit*o itJfM— tg£(I]&& 

TS#L«WX^1fifW-til4 , 7C* > h»WX5rft. ® 

±46Mft5fejSCaW*J®E»J. KttHT-tii^£,MW#M7o ^inifc, I&7M 

HR t»W0J$W±#, 


mmm (raw) «5A-7 iWLm r) ±w+»ms£*fe£&tt!ni. 

«*+). *R^M*&tiJ^± ftfi) £&^Afl!TOi!B*M, M±. M& 

^a^^iew^fiHfem'h (ja^^5.2)» 


® ».jg: tjWfBjfijfett^p], <m^®4.i2) £fic±#*6?*£M*iK. ^msesAwaf* (inwsfA-xtt?*?* 

WH^«i) «*Rrw«4>a-*0r®ww. (bp«hm3iaw#«*7c) 

ttsaw$ra. s^fflwi+msw^ffiisis^fsw, 

© >j®5.i M'le^w, a^a^wiss^iafiSft-A*^. 
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( 1 ) 

(3) —7U$|b]MIW§:, $#lf£ 

m sfia] \o g2 |e|)+(i og2 |i|)• s M c&m s M && m a 
it %'t ® ffl w i r* at# #. 7u ^ *). 

(5) -aa^ifc^A (sp®iuAi£&A^ y bAf&A7n*£'(§ 

A—2JO. 

5.1.2 

SI¥iaMfK]±gg^-^«SiJ iM, «%JSW*J8CMtf-J*0riBM 

M'OT^AAo &*« jEPJH (Regular Set, ja#%£i$[123]^3? 2 #) nJtlJffl^i(Sl'a] 

(Mja##M[i23]4> 2.6 tf) 0 

in] Hi m m m m it ii - n t, m a 

a®, m. <*wjs^^W) 

(W&/i£;fcmtjMM)o ®«±, 5f«t J f/(/i) = log log/7, 

Aspace(0(/))£ Apace(<^( 0)~J*L>J® 5.3o #ffi, (Double- 

logarithmic)$l'0|^^A^tli'^iS[$|0]MWffl WS / J'*^I^]( JALaJSS 5.4), BP^tA/(«) = log log n , 

tl ^SPACE (»(')) “ ^SPACE (0(1)). 

(i*L5.2^r)o uTmmm, 

mmm 

Hi^A-fej®) a^r “ m^m” os^Pt-t^s) 

fel&tt. AitMU'J-, A # it A A M W *£ it A/j£ S £ttK If ut , #^i^iiJia#fel&W#A. 

5.1.3 WiqUggiHI 

5.1.3.1 

^frtI'H]|WJ, $|0]nMfigflJffl, M. ^-A®, + 

913! 5.1 (®MA) 4-/:{0,l}‘ ^.{0,l}'tn/ 2 :{0,l}*x{0,l}‘-).{0,l}'^SlJ^nTA$fH] 




itnum. 


s 1 fn J 2 1*3 it 


® 


def 


, P!lja^/(x) = / 2 (x,/;(x))nT*$|'0]s ftit#. 
s(n) = max(5, {n),s 2 (« + /(«))j + /(«) + S{n) 

^4 , /(«) = max >£{o |i „ {|yj (x)|j J.^(«) = o(log(/(«) + x 2 (« + /(«)))) = o(j(«))o 

3151 5.1 IkWfflfKl. lES^^titlSLT, /»max(s,,x 2 ), jtfcHt, jsIKSp 

3ISI'l\F5Etr ffl o 

ffi0J7 £P7±, i+#7(x)0t, It #&#./; (x), Mgt'JfflSlB] (iiit^:/i(x)Ht^T 
'fjffl W$l'0])^it#/ 2 (x,y;(x)) o j(/j) B|J max^,^),^ (« + /(«))) , 

csp 

./i(x)>„ it )-#*&&&bp ^ 7 {£#/;(*)- 

f 2 mfn&mo <bp cv\-nf 2 m im 

£ 7 (x) 7 a«j it g & « g u x it $ (iw j 7 w m > (s 31 a 5.2 i£ m m *s ji #w at-- 3? w tm). 

513 5.2 «/„ / 2 . s„ s 3 > im/m\m5.] JWJ/RTftSfil a rt 

it#. tL^iS. 

s(«) = 5, («) + x 2 (« + /(«)) + 0(log(/j + /(«))) + <?(«) 

^7 S(n) = o|log(s,(«) + j 2 (« + /(«)))) = 0 ( 5 («)) „ 

m 5.1 #§*#7#Mi=ri±fM 

X 





Vl 


A 2 ■ 




■ s »+®r£ 


f(x) 

si 5.1 (P,&mmA i %iA 2 m^ig£m, 7 ibiwk 

(§13 5.1), (§19. 5 . 2)0 dl 

£/ 2 ittit#7, iSiSititfy;(x) 


® as <w,£fi-t 355 ¥) isarrWwasfettimiiwit^M^Piw. ciEi't) m —mm 

-«■ h-# /j winiwajfett. miBs^msuiT. #»M£iM*j^»wj jw* a £iia»A 

a-^(x.y), nIIBra*fe|x| + | r | + 2 log 2 |x|l)!jtH (MMSsJ&H+WW#). »S*ttW. fi®| 6 « 

«ffl«»A*W»!#MK® <BPx:NxN->N . if# j:N->N ). 
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$5* ''i’liiJU/ivll: 


# (ap/; (*) * ffrtfc#) ittMi+Jf/(*,/;(*)), (Bl& 

^Pti). Ko 

&A { m A 2 ftm%$xi§.*mm£ (#PJfim+ff/>W/ 2 ) WH&. ®PMi5A*6{0,l}\ 

WikA 2 (*it#/ 2 ). 

Sift. ffcMMiHM (MW) iiA^±-ie^ a 2 M&g. in% a 2 

i tfc#, /€[« + /(«)], ^is£/ifff, M& X ^PJ, Mg 

WBa,(x) o £iHffl4(jc)itt, )Itfc#ilkiletHg!iiftl, {!#*« 

■ftmmm, n&&mm{i-r,)^m&im&s> &%tin&A 2 (ft^ (*,/;(*)) 




HI;#) 


&mm, 4isffl^(x)w, mmr A 2 ®tk'tf, fa«#«^mr@ew., m.m, -m 
wiiAti;#, maimmikft a 2 . mt, mmmfw A 2 mifw a, ms 

^EaiWSII13(Eft#±ffi^fittWThft#(BP^J/9 log 2 (« + /(«)) ^ 2 iitij6<j^fr 

«5Atl;#W#g, #ffi iog 2 (/(«)) a, tHtfc4#to*3l). 

sjg-^ cjgffiw) a, 

Wit#, ^2^i. NM*£^£^ > hi&M#Se (ffl^*&£-J¥&ltt) 

MM, (W > N?fi&i&&&#- > h). ffljx, (“M”) 

(&^i*m 2 ). <F&±, AffilJ 

&#IftJf7£. nTW#M y hJi$BJH$t^#7 1 F , 'j#2. t ( J . M5(«)^j4^ + lK) <S(w) 

■ 

m#: 3IS 5.2 MHifeMi+ir/(*) 

<HS&it3r AifHmgiMHMtmAffjM-M, ftM## f, (x )). $M. t«l 

HnnT<AL##j£ltt[59] + 4.3 'tf)). 

5.1.3.2 —TBJSMJll? 

#feWHif^igjfes±Psi:^efi]g^faw»*!i[isft. sjt&^iraRrtiMBPiit “nr 
sfcjt#ft±pa (^ 15.3 WTiw+ffffi). mm&fe 

A 5E<*3Ef. 

^15.3 &**&/< #-§.i4 5ttffift*&Af?#l, PJ^Btfilg&Jt 

am: ^5(») = n(logi»)&t. IIH « #|jU° ( ' (n)) M, ffWKflf^^/(«) = 2 ° W ' ,)) o « 

5UM 5.5). 

v£W: MM <tH¥+) BPfffEg(Ki#{&. &ff&:tiiy. i*#H55Tirii— 

0S#a^ »»ajc, (ipffl 


® ATffiftB*. (isjisi—a*) aa^x. jn;g@s.2)Sfj$. ^riftw&'Mis 

&M3-H14.. KI9!)l#ftt)i o(log/(«)). £*K afl“/iiF,nj3tiifl;«^(j)ir^®5.2't 1 MSiffl. • 
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iitruAit 


@i \t, a(x) 

#j ip h} SB S A & ^ & 3 ( Bp # fit i& & |*| I? It ,$. W tHIt). *& fl'l W l& ^ 59 

/(|jc|) = s(|*|) + log 2 |x| + log 2 s(|x|) P*J—iSr^ t 


CD 


— 




Ma*i#«it#«F^izs^^f9±. ftic5!J> BfJWSCS-^HI^'fsM (BP ,4 fn x) 5&*t! tT - it 

it®, 0jfc±J£ifc«Jfr&3fl<J. AUfo, #,4(x)Wttjr+£-&&iiK*rBt, ^ (£& / 
££tf&mnt, &%—&&&r (nnzzfa) tPAsg^A., 

a wit®«&A2 ,(w) it, ^jw, pj-ma# 

*t® am turn (SMSfi). m#®. ■ 

5.1.3.3 SragPBIBfilMSIllS 

3135.1 jW5ia5^j£mffl^#r3?rasR^*4«^j-*je^fl«i*s (a»/pia»*w 

^PJ—!0£?I/i-J5C;&—AB&tt it » W/(*) = g(tf(.x)) )o 

co (£ 3135.1 wma) a^pj— isM*!ia£i*g. 

it®, J3.g££fa]5 2 rtit®, KiJ/RTftSfH] s (Alit®, S6J£j(») = max(s,(n),s 2 (/(*))) + 

/(«)+«?(/*), k a /(») 3 ^ ja m it ffl a « tk # $ b* , n m m m. * & st , m 

<5(«) = C>(l o g(/(«) + 5 2 (/(«)))) = o(j(«)) o 

(2) (£313 5.2 MMA) S/*H g ftl±J?ri£, II / nJ^$f0l 5 f*jit®, 

5(«) = j,(«) + j 2 (/(«))+ 0(log/(n)) + J(«), ^A £(«) = o(log(s, (*) +s 2 (/(«)))) = o(s(w))» 

&ft: A^ii5.3, W/(«)^2 Il(n)+l082J|( ' ,) -« 0 ($PSW 

M*exp(s,). 


^ititiifflw i&m&m mm, 


.a, 


H 


(Bpnwt/i) w£fM&8ft®trj£.x.. 


WtHigW. -ASAH 

a, i^n»jfo/s^witit^^itA$i'H]®^j$, &^apj— 

A^?ffli&& (sKIAAM), MMAmitRifift OSRfcM) (#*hHfflM3MA£ 
ift (5RR^W». &M-. i&i?:g3i5&3*A#fcdiM3«3HA (## A±i££|a]gPB&<]£ 
PJ—jQ^WJfeJSC). 

(fw^H AAMAM-lt], «K$—J&±tfe, ItARA 

MM, MPJ*EAI£ikmM, M A M A M £ A M ft M to ft (Bpi^M^ 


&M: #aw*3!M(Mtw> ia, *#a 


® 

© 


SMWB7* A-tc^WS^J* (i»l*»W s Sfii]fi&JS> WSJ*. ML 5.1.1 WfitfiM* 3 «. 
*»±. Sft-jias.iSJSias^tt-«#»«« <4-/;-*■.&/,(*,>«) = *(><)>. «ifi. 

fflW&SlWr^i'JW^ife (BP^5 2 /SfflS 1 /(n)rfD#«+/(«)« ). 
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min, (/(«)) 

a (^ 4 i/(/j)^^tuiPi-feS)o — jifcjtsiji, n—^TftNW-K:j^±ps^^w$f 0 ]fi;^switiSc 

M, fetatik, Win, ^tJg-TO^, 

^T^AxMW/M|/(z)|=2|z|, HfflflitrMifc. 

min, wi ta <$■ m w m m w k ® ± ps a m - a i& m ekj k. & ( bp s 
s mam p.mRth^^ma 2 s{n)+ ' ot > i(n) •»w iu r«=o >. 

w t ± & w 3 M (i£ ik $ a), mn «r ut% j® •- & w $ m % pa n m-^ mtr w $ i n % re & m w 

i^. mis- (/,/’)-res^w. ^p^^ftAx- 

5.2 g&ifc^j&fc (SAii^ffiifetktSE^). 

(i) MISSUS5.1, M®TB. jnSHinTOSia]*, rtit#, fBiJgn'TOSrasjrtit 

», w(/,/')-re^Mm. n nj££iH]s rtitjf, £4> 

5(«) = 5 i («) + 5 2 (/(«)) + /( n) + l'(n) + S(n) 

(?(w) = 0|log(/(rt)+ /'(«) + j, («) + s 2 (/(«)))) = o(s(«)) 

(bp^s^d *a, *W5]Mgi§: 

Mm®. w&iin'wirffi^KTa*wsra. M£&ss>±su ^isffiwn'Wjr&Bt, 

m^ms(n)mmmm 


-«). 

SJM 5.7 titdJT—' 

# #1 £2 K /S' ^ ), ^ A s(«) = o(s, (n) + s 2 (/(«)) + /'(«) + log/(«)) , iil/(«)< 2 0 *' 1 '"* 1 ^ 
s(«) = 0(5,(«) + 5 2 (/(«)) + /'(«)) o 

(2) TOfiJM 5.2 MvEW, JIMS, '&jtS§ri+Jf % i 

, ^^^?ias.2, tmm#im, ia, mma# 

a *: & ( bp ± & w n - m >, & a 

5(«) = / ; ’( 5 l («),s 2 (/(«))) + o(rnin(/(w),/'(«))). 3? 

I'aJSMA 5 ittf 1-;S;it IT ^ W S I"] AS SI'S]rU M |5| & W0 ify *ftA, SMto!Sg|&#»£ 

l'0]_i.*(2^ 2s)-Pg^Wo 

MJtttWJBtt 

ifo&B*ragrei+£+, itmm 

ttWfiaSfftiffitiffitt/S: AM/A. ^A y #A 
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il nu&ft 

iB^T^i&MM/T^'J), (#i3^# faMM f# PfH i$fflAft 

S'/io t'MM, 

A1S&&-MM, nm*±j£ (iioMAiSg) ^tiJ#SE#M#fiSi&&, #ff*T£i£^i&&R 

WS-f+fflit. *fflt>.E:>)M 5.8, SitfiJ, #iiJ&14^W£J®±ffiM:fcirc#ffliit. ##JJi, £ 


a 


& 


AAIt#■flyI'p] 1/3A® A ® A MA 
Silt, IEMWM 5.8 /^{t,M, inin W#iiSlStt!a^!a^iiJn' , 

At'SdjrmiPM-ltlSMM/, JUT nj££|Bis 2 [*)j$#s piij n M £ S i'rJ s ® &? A, 21 

s , («) = 0(5, («)+5, (/( w ))) /(») < 2 °^'^ • w)« 

H«S(RlllWfi» 

m ®%ikn n m n. m m n- t- m ig w -& m ± pi % $ 

(ja>JM5.10)o Silt, &ffl>JM5.7 (Semi-naive) (± 

MUI-WH#) JtfciRSIAM. AM, ^il^TlfelS^RrSeiUsjrtlWttW^JfeNHW® 
W A' fpJW, fri £ M M n wr £ $ IM 5, ft? & , WJ n & A ft s ft 5 rt ft? & , A + 

^) = o(i 1 (n)+^( 2 - ,Wtfc8(M,( " )) )). M±, + PjRTWffi 

ffli(n)=o(i,(/i)+s 2 (/(/i))). mm, mmm fcMftfflrawPB. s 

M M M 'h £ IB] D3 £j (i*L 5.1.3.4IJr). 

s2A2^*ttTkT&m$:mmm%-wfeXo &m& :#M£, ji 

5.1.3.4 

amAtntMJi n jgfnijs, s %w.m m m a umn *& mr-ktm m 

Mo JfiTTO^, tE (<I'W) MfiMtT, ii*)0£i (MS 2.lOAii%M 2.15 

!Q^J) ATJilfflo M^HW$#ftJft?lKlHyi§, Silt 

A*ft£&itn ? Rfcft¥to-&K, a#at^s^w<hwsi^fi^T- 

m m % m jg $ i h] % & ft m m % t gg u mt%” m n a u m a m 

fiif^o Silt, 

5.1.3.5 

4$4 j yfil, M£tt$tamftWW.2Mvt-& (M14.9), ^#fi!6PIISI8WglS[4 


ATI-itJ 
&±, 


25#*A"F& “ 6ifW'. *£±, W A ft g & S. A £5 W m PK W IjE WJ LA W fnj % A ft ^ W A M 


feiawtl(Jft4.3U) 

5.1.3.6 


irffiUfj. m a - a it® ^ a m m w m s m u & iji . wj k m m m o-t i m ± n ^ i hj g a 

SWftiS (M 5.3)o Silt, £W£r- AM, 

A t'tiA Ar ti' nf ty ffl It A—W i( $ IM ^ Jl A W l M ® ; ik A M- f^J t'J )t H 
SC $S±^?W§M (M#T 5.2.1 T?4<^Altj£^)o ® 


® STL a, SC. S4 1 B^jCW® Jits 6.1.4.1 U'+^tH. 8.4 1ii»iijffi0« («,&«. 8,23). 
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m fit to jsc d t, s P (/, 5 ) &rt * h* m % & & % t , £ m % & % % s & % & # ja? w ^ £ n js ■ 

ftit: D7’ / 5 / ,(<,5)cD TIME (/)nO SPACE (^)«4'nr^^/ IE l&W^^^.M^a, D^S^v) 

MP%Wm— B£n (M^/L) Kj£6*fT#. J*L#%*itt[79]. 

Eft—Mft (£p##3»[59]ft 4.3 Hr) WT#M1 DTjSPf •,•)*&&. 

5.1.4 E&g&jfcffi 

£83.1 #ft£JliWl0]#ft, ^f&KC:{0,l}"->{0,l}"S/i x, ISM 

, SnT*WTWDFS-M#fef#PJo 

Pft (ilM) f5fe^^m-^Aiawn, M£35n& 

ft .a: g*8&£+« > NS/&tiiRa 

^MSW^m-^rjE^-^Aiio fc*4fc3M&££WS&^MfcAia, 

2£3£—^^AJ4W®Mt. 

JAM, ±fti:Mft^A(C,^)M0<]lfSBt#f®$l'B]^24 c +(9(log|x| + log|C(x)|), 
</ c tS C M. (BPiiMig), M££M7£ta*)J 

ciMmwM). 

ftj®s 5.2.3 5.3.22 2£to®&iK. 


5.2 Xf » 


lU 


MTIM 5.3 it “ft*t$[£fB]£Ti£W£M'’, 

S. ft 7 if M flsl 7 « ft - A . ft % A: N A IR ft ft ft 7 ft M ffl it' ff- M M , ft if 

mmm&'m, 12 &r-fornix . «±, 

cja£a 5 . 3)0 


5.2.1 lh 

ft^mfc#iJ£|pJM, £ft £ m %) nJ‘ mm A m £1 hJ M£/£ I? ft A « ifj m 7 ft & m, BP 

def 

L = U 1 .£ , SPACE (/ c )> M ft (.(«) = clog 2 n o ft.®!: &£8 5.3, fc?. B^BtJjiftft^ ft#$fj 

X (JEM 5.6, TIM 5.12 & 5.2.4 U). ftffi, MiAAlX^Jf 


5.2.2 filial 


«-5.i.3.3fififldiirifife, mnp^-m 
££J—0* # Wit 7£. #i ff 7 Karp- ft Kj fJ £ A. OX A 2.11 ), *fc/&5 PJ 5' ftMtSfi] ( £jlj 

-) !)3^J. M/£ftft3&£lftlWfFftftfE;t*, x65^S.lXa/(x)GS'o *3185.2 (& 

£8.5.3) ftftP, S’ 5W S e£o KtlDUte, nJlA^ft- 

£f§] Levin-figj (££ 2.12). (£>JM 5.11). ft®: £8 5.3 
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it•&*£*«: 




Karp- !ig ^ 


V±,EfJ. *t 

f" 2.3.3 ^ ((2A& 2.3.2 U) 4>0fl#P, #fg£il 2.21 iM^SO CSAT ft 

“®-im£KT (3SBIET 5.2.3 U). 

t mm 

££ttrA:£4tW|H|JH. ffi*s Js^If ?^, /AMoTWi*. P- 


sa 5.4 (feB&#teW£j&f&) ^CEVL^M(C,a)ftj)ttlll£-, 

JeLC(«) = 1 , JHlJ CEVL If Karp- JigCEVL o 

ffiBjmH: I§|®£j63 2.2I toM* (W&M3.6 WffiW't*) bTMUSO, ffllttW 

(“55-MW”) lSiiEijli&figrttlfrA (ififf x) &&&£]«% 

(iaff C x ) f 1 , if^A^/Sf 1 NP-M (ififM 'fWtb#o £SM054 , x*ife3&M$feA, 

{aMa*^«a&aAWNP-fiEH^#ft (3 i-K:J®* 0). Hjlfc, kk s e T %} CEVL mm 

m (SM) X 'Ntjc^.x), (Xttt*|x|tt#-|£|frA) flj^ S $ 

(5.2.3 1?), !Mn&«^&£aAi w B*. c w ^r*^»?e(5]#i 


»jito 




£±, Si 5.4ll|fT UT^R&^CEVLeL. bT tUffilJJJ JSflfc—1£ § ^ f"ljHfe^WS 


wjgfins^-a-f 1 mmm, jsl5.3.2^>, 

ift, C-^±W. Mnlf Cfi CfftlfplSM^StS 

|H]f*) (£?iJ—life) jig^An. itfeaf, Mn £ x, jmcejC. 





5.2.3 

£jsc3.3 +5 lAT*8 &^(c II ) ii6N -att«i*3|c«i^, *mfcA«, 

aw. •'Mfcft, xgf^AW « iim c„, 

weiBijic, Maggie, 5.5 mmm c 5.4 >, if 


E •—1" £ 1 ® xW I'b] W- v£ bJ W. ft 5 


V s 


ret—(WPiiiA) ^-a 

is, ^ 5 . 1.4 u, 

(bp “ggmsiHj-EW ac 1 ” js^c, jEig«g5.12)0 

3.1.1 «PJ, ftff]%aJ±M3SW-att«ife. I#If, KIWMe.2.1.2 

***»#§ (c,)^wawfcMWflSftit, a 


f^ggAiiii Apg«gp 

I 3 ifl I5L£( ) o '/3£,&: 


V, J£i£M[§ni£ V & c„ 4 1 *fij^( V *11 c„ 

$nm(c„) neN 
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j^c„ 5 . 4 £P*±ra7£nr&ifc. 

£3 5.5 (lift P fft3Ji—/<. #4—^^#5Stt.BJ3 

ffiffWttAx, WC h (x) = ^(jc)o 

ffilUJM: B^fatb. (£35.4ffiBJl*fflSJltt> ^(c^) *g»—&M. #®J±&. 4S& 


rrMW (WIhI) #yoa-^l$7ll#R-*5ffi«W#ffli£ii (JSL 

£3 2.21 l^JilEH^ )o □ 


5.2.4 


7E 


ife4* 




(#P BFS ftl DFS) Wlirafft#fits+ *0£, ^ 

;t*h, &n.%mm£ M&wiSit*, *to#& (mg&a) 


ih, “ 


—- VM3d ” 




HS. l»TWife**M*JSC^h. '££it(?9E^»$RI!Q^T) 

ASW^i+ITlRljl (JAL^IS 5 . 16)0 at: Wp, 5 

c jsl 5 . 3 . 2 u). ffiams^T, mm 

^15.6 £J£Sftj3E|n]i£ifitt (UCONN) IfL 

'7«, WSffl+fc£ft»&r?fc&irt, UCONN ®##JHk. 

%m, 01 ft. ffiww^nssji^AWffl^ 

%-' tw^±^^r#wis, iwi^^#a+j$a^»^ic^o 5w, ^«aJ4##jfcn*j{ir 

siBjrt«o mis#- 


Ifc^M: &iX#£3 5.6 «MIW ( Bp*f rt#„ 0^7* 

$. Mis. (C 0 £) itftMS</(v)fill]|^veKRrffi (G,£) #</(v) 

> N8£Wi» c v {«,v} € E 0 m-7'-m&w c v +, ass c, * watts. 

3 (BPWW'MBrta. 

srsjrt^m, m.m (*3135.2) Rrma«nAWffla[»>t; 3 . 

1 , *&±, ssia# 


® ***«nTjaHt^:GK 

© *Anr8g^i*.*r5K«inft^aii^wpa. rtn*G3ia^Mu;i«Ki-&. •ci-^ijisHS^BsrsKw^^, 

E.2 4 1 . 

® 4 »*t. 5.1.4 iwitoMMftfraratttet. «'i"ti»**»js? 0 awfie. wkjbaxm^#*®#. a-^wai«KfM 

>JS 5.13o 
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it*To 

&—&&, ni&OT^-gpao wvx%tn±.fo 

igfft s-iEJlCIffl + W^llf^ltliP—^</ 2 -3fl«iSSf. 

m&mR 

m&, r»®4±&$$tt; , t , MiSftuB. mm^m^mmE.2 mm, 

mm zig-zag mm, 

5 . 2 . 4.1 S^Tjm 

t&Mmtfitvinm&i-mM&Mi, nAm\xmn^mMVco 
=?&&, -MiBf. miitoamnit j «*« 

w) E.2.2.2 4>w zi g -z ag £&. n#*, c, 

-i^ 2 

G i+l =GfZZG, G*-^MS!^W^J 2c ^;,-SWrf-IE!i!iJao #^lu® 

<bpg,) ti?ffij c Am, xmmmm (t^tsifi) m g m 

Zig-Zag mm,o niitk, G^^d 1 - 2 ' ■\v^i$.&#]ci 2 --£.mm, zig-zag mmm 

(BPrf 2e -iE5!ij®c'=(r,£')^ d-mm g ( 3 -^ 2c ^M) w zig-zag mm&- 

d 2c -\V\ 1"® /&M d 2 -JHJWffl ). 

def _ 

(E.ll) *^ir3K#l (Wffi*f*NE{£llBO. iBf^J(-) = l-^(-)Wii-fettf«. 
(E.ll) II#7, $H*A(G)<l/2, RiJl-I(G'ZZG)>(l-I(G'))/3 . Hitt, G 

1(G)<1/2, d3,^0 ^rfoW 

< ?(G /+ ,) = 1-A(G'ZZG)>1^^= 1 ~^ G|) 

Xsf 7 1 £ # ^ P<] fit % c > 0, W 1-I(G,) C >min(6-(l-I(G,)),l/2) 


airm-^^-jEM® g, =(f„e,) pt-^, *r^ 1=1,2,-,/-i, 4 


® 


fl. w 


® (Biiffiw#*«ME«t) fflxmsEn^R. ««u. * 

_ _ dcf _ 

© KWWtSift: 3-t(G,)<(l-(l/c))ltf. ffiajl l-/l(G,) c >1/2 . gll,4£ = l-2(c,) , tf-ifOT e s= 1/c jfcffiBJj l-.l(G,)‘> 

ce/2 o 
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$5 $ 


S{G M )>mm(2S(G,),]/6) o Slit, 4 t = 0(log|K,|) 5{G X ) = 1 - A(G,) = ) , W 

£(<?,) >1/6. 

«3E£IrI. “M” G, 

§ijc i+l (JSL^IS5.14), *#£Kj 

£, ®M> inMffaUfcjR* 

E&G,0G, +1 ffll$ifci±S, 

II. #3d#M3MJ*&iH§ife. (hkG>m 

5.24.2 3£P*3£®! 

5.2.4.i urtwis^4ta:s. 

ffifemilWWK “MlrWR” BP^To HP^f&J£G,f£*$ftA 

0t, *£&i£G l+1 . G,. £qMJ£ fftftG, +1 W®s’ ij ]N (BP 

®§^fc,w “ffi^5isifni w ). g, m g, + 1 (^#{t 

M) M. (SJTEPW) $, g,. 

Wife 

ft*: ^-^NTPSOT'^Wit (&X£*mi*#igS 

&##L»fcsi- > MfrA, (mmwmtfMM) M“iHN w , #?*£- 

^Ntm cii^TSiiifpiWiS#). mum, (bp^w^ 

xmmmMmno ® 

mm&m ms, tmt, £</ 2 -iEMG,. +1 ^itt 

g,-K x [j 2 ] -> v t x[rf 2 ] (aKg, +l :^ + , * [</ 2 ]-> F7, x[c/ 2 ] I ^^G, (sEG, +l ) WiiSI$taiS( 

(Edge-rotation Function) ’■> 

iff§5.7 ^(Sig^ssttRw, TOi+jfg, +l . 

$ M it A $ I’a] g IV S't o 

UETOH: ITAiiE^, G i+1 £^*MW#»*tftf£ (BP^3P3fB^gfflW Zig-Zag gift) 

oTWii.mwwit#G 2 (BPffl^w^^r) waji^aft, ^rft^iHm&G, 


© (PIS 5.1), (PIS 5.2) 4 1 . ifiSttffliPSc 

ffiMSffiJSifeSWiiu (M^fflifti£5Jin^-4-5(«f»J3S), ji##St*W®*af±|®iii)jxt#T-^ra. 

© £&±. 3iiW£ (K't’Mffiat(l«^WPB«nr$jtt#L, SSH'*XS*^ii-»iul@6 ( )- > F$W) ^FIEfJK1>w 

fiSs-S-^ &Wtt£$WWS#lWiStm®l <*n/i*»f10 ftfflHW, (Siifl 

&— ;t/ c 4-4'«5m iffiiw-p 

KIWatt^8fi#«5M(v,y)«5ltA*t («.*)• U. v 3) u M!g *t$|5/g (ifipfts E.2.2.2). 
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, mis. ^ve^sue^ 2 ], ft&g,(g,(*'£).&)• 

Gf^(v,(j\j 2 ))^mm, itnumiMT: n9t, mam{v,j\), wm{vj,)ttmtm, ia 
f^(u,i,), ft mm |nj (ii,j 2 ) > f# M ( w, k 2 ), (w,(& 2 ,&,)) « i£ff 

(ft*—^iHWJSG'-^H GW) Zig-Zag ^IfR, &S?!I, 

%$\o aiciij, fs^m^m-'Ac g 
SIM's tfo ft]&& (i&EfeMs&M&MS'M*). aim#S'J£H6. 

TC/^O 

^£0. □ 

*!]ffl#r g 5.7, M#M#S'J-^C»(/)-SfH]® gt/L, iliimai ft g, MMgiJfffl^itJIg,, 

1 =o(i og |Ej|). gmm^njwffsij-^ii g, m g, mm$.\m%k ai&xy-rr 

W^J^WfIitWg,)o Mfflf»§ 5.7, nrn#®j$wM 

+ MO(0-$filMer#l (Mfcg,M^m^^g,W^{t). &Bc1#«IE£*IJH:. &7ft* 

irftgai:, (4n?ia 5.D w, 

o(i og |K,|). ($n3i«5.2), 

Mf#Mv£, r^jittr) a#, 

*am, mm “tttuiummr m, *j jb *& y *@a m$ ia ]wit m#ft ? g i¥ , ra 

acm, 

/iiAC 5.8 (£M#Mt#l) £MMW#lJi-Mg#l (MAC l.ll), £*MiuA, 

#isj^ 

£Mm±#SJ$&A, 

tack^sy^m± c amain, iBfflHW/wsinst^^Mrt^*?^*/^)). ®£w& 

*fiil« W + « M£jn#Am*. a7^^$kiA-K;^, /^*-Kilifn|gEm^W-feS, m 


© (HUttj|p] 9 ) £*7 CB|i«ttlftXi&??/(*)). Ejtfc, St&aifcJt 

S»JfiJ*i&*h. jEBSliUlWJi, f5iS®?¥2.SWjfcia».ftT-^:a-!ifft ! J*«ii^7C. 
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±Mfe 3 't‘*SSdMi+$ScS§ (ftT^teJS&Ift^KflO. Hilt. 
#iyMtt*ftfflM£^#fc&*w+log 2 » + log 2 / + log 2 i» . w^Jg$&#l»W£EJfi& 

im, g&ttxt&m £^±&3>Nt»*. 

pistol ft, (SPStA^j&m-'Hoi'S, Mrn i 




/+1 PUJoTWii^^fflXMHX 

if«„ «±, it 5.7 WiiEW+WitWW.Slilt^Wa#^. 

®tW 5.9 (Is 5.7 M#Xffi3£) &&—k£M%ffll'g9L> 
fyffltc^log 2 (^ 2 -^ +) |)^^^D^®®^WAHt^. oTLUi+#g, +1 o 

«it 5.7 WffiiJB, RffiIFX'ft ifimmk -mBPnj. min. 

x&&(v,(j\,j\))im&mmm$iw, *m 5t * s & s & (v jj ^ & jg$# m , m(«j 2 )w, 

&+(ia 1 )=* i 0v/,)- nmmm 

M(v,y,)^#. ^7 2 ^#^M±o Hilt, (#& 

(BiM^M,)) MF*,. f$#T* 
M±. 7t^7 2 ^A«M?feiJiiJ^M'ft± (AtM«^(«,y 2 ))o &n-mmMrnZ!s, 
km^±^kJ{w,k 2 ) = g,(u,j 2 ), M.t/1 M$L'&m&&$L{w,{k 2 ,k x )) , 

HSftUfe. &It: tE ((«,/),(«,/?}) it»aG'iy^5£Sl CW Zig-Zag fMRWiiS6^a»W. 

TO(«,£ a (/))tHNG'. #m\ti((\>,Ep(f)),{p,cx)), St(»./)^Sfl§ (Eit (E.9))o 
k Z kkk fil M.M a ^ p , {(u,i),(a,p)) f^05c^j 

(«,£„(/)), □ 

®r§ 5.9W«^|l«ffl7^ifls#ltefi$!ri^. ®-MM§, &M& 


kmm (»«-) &m. 

sit(ffixsms.n. sty, km^mn^mn 

mm 5.10 


n 


'pmmzrzzm 
A ?n. 


aw*mmiu. Hitt, murm& 


n 


mm 5.10 *msc 


/ = l,2,--,/-l, MilM f/M.L ffikfmlftfti-fcft /, £Kj _y +l , 

L + Zw( / / + , °g 2 l,)toft#f'° 

Mffl&'MISB}, B J^f,= gl . / = 0(log|K 1 |) = 0(log|F f |), #T&e±Pg£ = log 2 (c/ J -| Kf |) 
\>PRl i =0{ 1) (Miffs 5.9+J?rMMX *£±> , L =g,M^JS» 


© WrtSJMffiUH+ifi^T 




u * 


fu.filTr s 5.9 *0Ha#it#We3iWif#}iE. 
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ii-tru&fl: 


vIUWM-Mo WJt, 

is.m^mimm^m c sp X-l! 1 o s2 7 - ) (bp£':|/,. >. □ 

5.9 mm 5.10, i>m#iijgsi&, ^Tg 0(log|K|l) w^ii^^$^o(iog|K I |)rt^^ 

£*tg, Ml®, BP g 0(lo6h|) g, WSfll* o(log|F,|) o 

5 g, wfcatftsra rt wise s^ftAS g 0 ), mnmm a =c 0(loghl) i*j ^js. 

i^S5.6 nT£q, G'(^WmMI!tWI5ra®)S<]i$fflttTO^^$fg]rt^J^(ja33^5.i3) 

*ri3f^»Affl+*^aa (ja^«5.i5>. mi*] 


o 


5.3 


^MPj£t'££|s]#£g£^ (£5.3.1 U), 

MftM. (®.imt) (£53.2110 

“*mw’ (£53.2.3 no. 

5.3.1 M'HIM 

(#np£ 

££—(£££2.5)), (“1NI£ltt”) MiuA^ 1 

m#o Hitt, S&mJIMT, (BPftlr “ 1 %*%” M)» 

*S£, (®fflNPfttf#^££ (£££2.7)), #lt£ttM3j$;tjg###lt§£ 

£f£MMfe+, 0£ia^£^&# (/L¥) £ 

SBftfttt'ffr (££3 2.8 WiiHuJDo M, ££M$d44o 

SfrifflWft-T»&«M^££SMW£j§S. —'NfcttiNS®, ffl£gU&#*&&A£ 
ft#A<Pfi:ffr££'>, WM&Hm. £fcSMgMT, «^K#S“S 

*3” ia^T— 

(ffigsW) 

siwi^ms). ffls, m&mmnmm&MmmmwmT r^mmmr) m 

mfcummfe'&mfcskMmj, &^MTM«£iuA 
W) 3&^iKISS[WStJa^EBtPIfi;^fttT*Rrt6W, 0£itbnt+/l^BTW^^-£#fi|£ 


&#(£M1t) W^iJHS^ifiiifrfltfiJ (Sp;L^^“£^W”)o 
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Hilt, (®^<£ 

itfMnliil®*—iSMAEIM. ##Jtg4$|0j# 

*£&££!, #131 “ftSSift* (b\]feX2.7) ®. Hilt, in£#l3&£j5gi+ 

m c^-N-fttSfii^). *0 

(sfctf), RmiftiHfcA—#JAPHAfrfa*ASo 

5 WsPACEon-line(s) (^t 

^SPACEofT-lineW). M®1$. ^2.7^, £#L* M MM# * £ * &/$, $f£ 

MATiu A *#&-A A&Sltti+J? (S^«ST. 

tell®, M^J^SIMT, &»ffi&to#fllJ&MiA). 

IX W A i^iA l [ ll If'J A ^ jjA A M O 'tv R L > ^SPACEon-lineC^) £ A>PACEofT-line(s) ’ tl 1 jit ( flSIlt <51 

"K)| IxA [Hi jf 1 't''fiC-Xo T |v "it; 1 - > 5 S it* A ^Sc A » ^IX.'IXA tVsPACEon-lineCs) 

~^~^ SPACEoff-line(^) » W-0. AspACEon-line(A £ 'ApACEolT-line( s' ), s' = 0(logs(/l)) = o(.s(/j)) „ jj — 

'i' till > ttj S Mil? AlfettA* W tVsPACEon-lmeC?) = ^SPACEoff-line (<9(log$)) » J&AIS 5.1 8o 

St-^ifcillir. trfcSHfcE, *&±, 

*SHgMii£ JVP3S (in 2 . 1.2 Tf#n£), 

1W1S#. 3Mft£M£A^Wffl*ATh#a«9 00.33 5.18), 

&#SL£fc£«®Rm*«l 

W A ffl MMInj £ A*S&M A ffl M|0] fK]*1 & * ^SPACEofT-HncA) 

ti A J' D T | ME ^2 2 j 1 1 1 > M A^SPACEon-line(^) £ -OyiME (2' ) ° tX M *7 I R J A AX = /VsPACEon-lincOog) 


ttm%. t&Tm&i (6^> m%±, 

ft*j-&at£ o 

tMiS _t ill i \t tfe 1 tit tlJ A tfj A A Aj 'IH! > A SPACe(s)~A^ SPACEon-line(s) o fl ll: ;'tc A tfe AX = 

A^sPACE(log)o 5.3.2 , 5.3.3 W0PJ “SSaiajH”. 

5.3.2 NL aWft&iitt 

AnJAtfe ax m, x ax= u c awe(X). ka 

4(/l) = clog 2 n ( ijXS: ^ I? % 5.3.1 7-1 A tfefrtl A .P NsPACE = AsPACEon-line 

^a 5.3 mm%rmm j^ssa. mshm 

^^^j^frflMA^^niPlBfJAiES (^a 5.3 W3&M, 


^ Al H J 


A?' 


VttWAPS, Bitfc Ale?, 


IslTfnia^AWlHl^iatt (st-CONN), (^A, 4#»J 

±tk» t:?EAi!(Sf0l!Ja^T^ AX TC±t&)o st-CONN W^Afeta—AW[^®G = (^,£)', r— 

(IS ct) 5 rn t WWlfeia®. ®*^±. AA 

AX St-CONN I'pISo wan, MSIttl St-CONN )|f X g-v}t^ {VXR 


*M g -tsr0 ifaffiMRa-ftf. 

EWt^Gl a.«: 81 (WSTffiWrtS^) /**&/£. 


.* fu 
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i mum. 


MC S£*mXl'sJ |A m^3\ st-CONN), M&31 Me T„ 

5.3.2.1 

S$, st-CONN /SS NL (JSL53^ 5.19)„ st-CONN N£-7c£&nS%\ 

MnmM. mmxmfmft “&m n mm, i iss^ 

$8tM, M, -J&^ift, M£Kj»^ 1!8 (£S$ltJ5Lt, £30 5.21). 
ss 5.11 wl si-conn 

^S—'MMfefeM (£&) #l» M, ys-tiA I, 

g|G x =(F x ,£ x ). r^WSS^M^^p'JtfcSdg, (tAS#U§ 

mwi®>ia&), 

i+JMr3j. M3m (^) It#, 

i«^ (BP^iST-oi^wii^^wrdg) ®. aic: ottxsswtfiss aa> *&Sx, sg x bt« 

C&ffiffiGMm&tt. ^R«rmxtJfiTW*iifl«I®^ (3iXRTW^»S 

I'aJrtM)). 

iSA.3£n, ®G X ^^ M*tdf$|fuA X WSTtfeit#. #S'Jife, A/)ftX x ft’Sigfx: 

^sam, ^^xtj^rdg, msmt, mx— 

ftaiEWRTg!SE«. 0J&. xe5 ^£.tt^(G x ,s,t)^ St-CONN □ 

MiAA), SS5.11 WiIBJ3 (HS3EX30 5.21 ) 3PJ, st-CONN #lIT«S14$f0] 

gPSi+£M*M. &it&# (ilfillE^fif)) 3li£lgtH7^ St-CONN 

!N£-%±&. J. 

)±B: (ESS 5.6 S30 5.15) SWfri$i§tt (ESS 5.11 S30 5.23) 

£$a£&J#±£#£ii#W. &El3 (iaKWft) a+*IS*B*f«WS 

a-rnjs«xifftsajia«iT&* m-^w, E 30 5 . 24 , 

st-CONN 

X41S T' st-CONN mm% M0njX M%L 'X13 A fi^1 31 MC (ilil Cook-03^), 
E30 5.2O. 'fi^-WS^mSl'0]MSW^^Wit®, SWiliMtWfr® 

4 , wwi^0S)(e^#s m±> “st-coNN i$mr w-# 

5.3.2.2 NSPACE SJ DSPACE 05)^$ 

le]®Sfftl’i]M^tt4 I . i»6— Bftifl<l^fllSiHH!Jfll56itlfW^fti^#Scg3lfJ#W4t 

ss 5.i2 (^assa-^assa) xm*RS£ratei&WM'j>*>Jtt»Ma! 

x: N — » N . f j" AspackG) c Dspace(0(x 2 ))° 

ml mtti’&mm, nmto£%Mmrm-&m&. m#. a# 


® Mitt. AiJnflG, ftfjii* <TOJi£; 


>1'. tf.afttS»"F. 


R&\x\lf\&m. »a*«!AtfhMi‘t>to <«4-) Lt«#«SiJKlSWPiCW 

i49B'fl) , I »£,cK,xK,). 
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(Upward-translation Lemma) (E#jf>C 

«[H9]+ 12.5 u), Binm-mmMTMigibo &wwmBT, 

$*&»£* G + U m V 21 W»®ii-fn|JS c&*im 

$fijrt) ■'h+faJMw, ri£#£-&i£jg*@y:u« pj w me& 

©, W&tcJtXi® &/> M.w8lvW8fr&. /> M.«i!lvMB& 

def def 

t?., WiJ4-^ 6 -(m,v,/) = 1 , im ^4(«,v,/) = 0. AIM, G 4 1 JJ’tW fft .£ W, oJLUit 

#tH^ c (M,v,2/), wrtn^w, M^^(«,w,/)=iff^( w ,v,/)=iisiM^. ®@jifc, mn 
nTWffl—^^$tM^i+fMo-( w -v,2/), (•,*,/). jiXnJWfflrs]#^^ 

MMlt.o a.a: ®*&MiHff5|JH (BP st-CONN) G = (V,E) 

(*,/)> im</> G (s,t,\v\) (^^ c ^,/,2 flo82M1 ))o mtt, 

wjiiiwaies^iR^a+wiirW. 

0J@i&j£- > Nri«Jffl G=(v,E)&-M&(s,t ), BTWKit w<j> c (s,/, 2 r,og2|,,n ), 

g <¥m^m&immim<i> c {u,v, 2 i) ttmnm, w. it jr 4. («,*,/) mt c (w, v ,i )» 

Fm&m+WM^i\>m%\m *n iwj, immntm , 

w. Wtf c (tt,w,/) = 4;(w,v,/) = ist. i&HHtttt 

*1 (IS 5.2). §]&MW.^*\Mfe<l> c {u,v,\) Wifi. 

csi 5.2) m-nmm, ftmmm-m, 

ifMtftfKEPwiPff). io S2 \v\ m 

va&jMmtj\o gl \v\* mmmmm<t> c {u, v ,2i)^, m&m&mmnn 

it#4(i/,w',/)WSfH], ffi£tt»^(w,v,/)Bt, t!iMf£ffl 7 |WJ- 

?era. iii jit, it a itj x i hj s && ly. % pjfwm n m ftit m x iti] x in „ @ jit. si-conn tmmx 

h (i$X17) MSISJg&ifc, M tvx (0* St-CONN £77±ft^7 

itfsi-# 7ttitlt,m#0tj ^XXttteN^prMiC^fH]rt l/t^PJ st-CONN )o □ 


(u,v,2/) MiilQiffit, /3=l 


~^T 

» 

• 

• 

• 

CN 

4% 

II 

* 

£ 


i+-f£ <T <-^ G (w,VV,/) , 

(Hl^lUiHHJ) 

vt*f£ <j <- cr a0 g (h\v,/) , 


= 1 . !M0 1. 


i&M 


M@0 
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£35.12 CsKtr 

Jfc) or*£l'H]5 + 0(l)rt^iiE, £+s£tftiiE-^&#M$ra£&JS. (BP3I3 

5.1) nTmilWii— j&. I#lf*« '£M- y h# : £®Tg' (^c-^iiffl 

^ # JS if l£NJS#n st-CONN Hrf, 3 B t£3 5.12 ^IXffjEWo A-it. [t] 

# w<® mbt w mm ^ a/z ( mu m n s ? ace %.). 


^FNL^S^P NC 2 * 

St-CONN WM#£JJC. RmiB^ffiUMS AAX at^Mfe^P ^C 2 t 5 (BP***—&W, 


^TOMf0WPSJiAM£S#IH^J£)oK^ll^fiJst-C0NN£P^iaM-1'#^#^|^ 

1) (BP30t£fc). 

*ii#:nXWffl^i[^JfgWPa^AW-Si£« (BPNCi MS&) fcitlf. MM*f » fr « td 

wMffl-aitKr. zmmMmwwjkfto(\og 2 


*it 


■3s±, 


Eliit, st-coNNe^rc 2 » 
OT ATXcAAC 2 


Mid St-CONN A/X itf?, M. 

A fKj—S £ g&|£ it f?) o 


5.3.2.3 *MqM§E NL=coNL 


0® (£3fKl) AlHMiA 

%MP*co3W. (tr3W) &MAj 

def 


uei /■ * \ 

Sit A/X =coA/X, £-t coA££ = ({0,l} \S:SeA/X) 


atx =coAXX£itr. Mid, ft st-coNN id^ihfri] 

HW^ftSIH Karp-M (rtfti, —t\&3ffa£KJ!E]**J, JEM 5.21 A 

NL-vs-coNL ftfi, M WL ig ATXDco^VX £0^^^ (JEM 2.37) 3fcSi£i£ 
lM, #Al AtXncoA^X^J|#t->t 

HUHAfXWjg*, $P*#S-f«£MI5c$l'0]m^MBriA^*^5, MM£ 

S' IMT- A/Xo x e S A/At 

t^A x WETSS^it#, M x e S H t?# M At x Kith, A/Att 1 

tsu a x , im^ia x 

ffi&, ^ 5e A/X fl co^VX H*, Wj3tj xeS *0 xg5 ( sE $ 0H& , *f 

_def * 

xe^ = {0,l} \5) 

(BP m^fWi’g. s, nJUt^SU—• / MN&£|ri#£, 'SA-ltTitf 

*&a, WBt^»fcBiEiti^, r^at”). 

s#fc#id^pT£jJC, ###do 

££5.13 (MMM£it#) Mit#M/:{0,l}‘->{0,l}\ 

^Mffit^{o,i}‘, WTW'NMttoo 


(1) MStt^StAx W^'hitJMPffffl—^{/(x)^} fftJlitt, tt£ ±0 {0,1}* 
(^ “TFiPit”); 

(2) MtfSAjt W-#it®, £W#Sd^it/(x)o 
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$5#- 'tflillU&tf 


ic(ja 53^5.25)0 0 ® SW^tiEli lfc. , ji—$L£xeSBE, *s(*) = l - 

SRIJ, j s (x) = 0. 3AMW, JVE = coW£%E.iSL%XtitMSeM£, #£—'HH* * s flMWi 

5.14 ( H£ = coJ££) S’ e J££, 1R+# W^flU^Xd-jRSWtflSo 

s:N —> N » s A li .A A 5 sjVspaceR)’ W S £ A^space(0(j))o 

r, RrawTunaatirrs. 

5.12 MilEWfflm, RSftii —titifW 

st-CONN WMM, BPoJ (BP in* G+#£ * 8) / WWl«jE&©. WJ z{G,s,t) = 1 , 

i5PJ. z{G,s,t) = 0)o 

m, Metis/, florae', a 

(£® G + ) *5 W>Mft3q^. ^-#lQ^JfflT3®5.28 

+ Mifc 0. ft&W'hfigJ 1 4 1 Wi£® ,6 if# M*fM0 . 

tt, SK#^Jffl0feNaW»^W5t5r»-feSW«. JEM 5.29. 0ltk, M]±HfchfcE&&S£ 

^-^«-®£®G = (F,£)M£v, #JEg* vtHS, 1 WftenTiiW 

>NR£ > Ml'£i2fM,, Ro = {v}, J.*M£jt/ = l,2,— , W 

= /?,_, U {m : 3 we /?,_,,s.t.(w,«) e £} ( 5 . 1 ) 

(«®±fe) v+#|t?„|° » &j&rc^ric, t±% / 

^it#|/?,|0tffiSffS»]^B^W|A-,|> Ji&ifc#iBIM 5 MiS|rt # _,|. &tC: — 

.&£j®7|j?,| mfn, tt^±^#p|^_,|, mm\R,\» sift, &m i d^mx*, arnttaittw 

ifi^R'B'^'|/?, _ l |. 

|/?,| ft}T+» 

&j£|4_,|. mmjzi'&Rn\R\n, nvtmm (|/?,|wfi>, hr g , 

WWiEflltt. 

(1) mmR^\R\^ g o tyizuEHtmfr&m v. 

w, Mv£i± 

/ £Hj8&42nTi£. R®SHftffl»«l#IftiiE— 

^BPrJ (JE^M5.19). 

iog 2 n Rt r, wm^m. br io g2 nRimuR'^m^ 

iSMM (BP w), 

(2) \V\R\^n-g) &W¥' t*iEW^{tWgP 

Ro m%±, ^W^a3&fiE*$aW. 

i^_,|ws«ii±, )kmmw^mn (fj 
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ireu&tt 


ffljt(5.i)> saUfftiT (g) 5.3 (#&> M f, rtn- g 

^ilE^PFJl® R, (BpM. v tB&, j£)o &*t(5.1) 

Rj£n, jitwg/?,. we /?,_, . t^wl(w,K)«£. 

B£p|/?,_,| I®. iAIRDft^,,, +#^T]S/&&4±&4M ! t : £ : 5$ltJ5LiP 

rTo Hilt, tftffiM*^Milfi$nT. 

® if 3 ^fn F, 3 #ill /?,.., 4 1 W k_, ®®£> (Pa 


&). ® 

© X>tB^i!!#®®^^!03 we /?,._, , u * w IHR (w,w)g E [ejBtJ&AZlo 

Et3 (5.1) oT£P, $P^ u M7±i£tki£, m&^utR, o 

affifijffl log 2 «®Baffin® f \ r, mm&mm, %p\- iog 2 » ® vmu^ 
hu®* u, io g2 n r,_, Mm&mmm, sfflio g2 «®bk#is#s 

M®£w, W^o(iog«)®bk#*^ilE>ve)?,. l (Pn%~&)» 

pa^±mam-^mvEi±m^m, mmm% it, a ^m. n waf^-l, ® 

KO. I*i tH go 


Given |#,-i| and a guess g . the claim g > |/?,| is verified as follows. 

Set c <— 0. (initializing the main counter) 

For u — l.--«, n do begin ( the main scan) 

Guess whether or not u € f?,. 

For a negative guess (i.e., u & /?,), do begin 
( Verify that u £ R t via Eq. (5.1).) 

Set d <— 0. ( initializing a secondary counter) 

For w = 1 .•• •, n do begin ( the secondary scan) 

Guess whether or not w € /?,_i. 

For a positive guess (i.e., w 6 /2,_i), do begin 
Verify that w € R t -i (as in Step 1). 

Verify that u ^ w and ( w , u) £ E. 

If some verification failed 

then halt with output _L otherwise increment d. 

End ( of handling a positive guess for w 6 R t - 1 ). 

End (of secondary scan). (d vertices in f?»_i were checked) 

If d < |/?,_ 1 1 then halt with output ±. 

Otherwise (d = |/?,_]|), increment c. (u verified to be outside of R,) 
End (of handling a negative guess for u & R t ). 

End (of main scan). (c vertices were shown outside of R t ) 

If c < n — g then halt with output ±. 

Otherwise n — 1/2,1 ^ c n — g is verified. 


5.3 fiEW Jsf£=coJsf£ 


® rt®. ©'t’MS-T-'NMIfcSgfifts 5TWi+#B»iW(G,v.i.|/? j _ 1 |)^/! M 

gwiiw®/a#. 


itH 1 /f,_, G v tPS. 
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$5# '^inlU^tl: 


j£M^M$£$J> Oth^l. |^,_,|ft##). n£#&iiEAJ!fc 

fcmmiEo . D 

®#s ®2M (£315.14) &—Mffl—^M£®fS)7^MNL- 


Silk. % 2 IP A :§:}£<, Jl^ftutb, £A7r (^ 2 ^£) M 

(BP^ifSl’e]A 

5.3.3 IHM-^i^it 


n ¥ m £ tt w m i¥ & p* ± m m ft s fi *s 1 * w ® 


tl (Kj £ 


ai-iS^lt4D2‘t ffi RJJ W ^ ffi 


(Jft 2.1.5 U). A^f]Bm#Mili3ttk«*M 

je w s s is #i# w w g i ai -*w® winraft. 

^Wflllilil. fclftl, M=coM NP^coJVP, 

st-CONN £W ; $;^J‘iSc$|'0]F ( 9 Karp-jia^A st-unCONN ( BP^ M7‘^£®)^®7 : #S 
JSL£1SS 5.21 )o 

il, (P£7 St-CONN, S^|pT^nTfb^lXk4^« + W^£l«] 

®. ja 5.3.2.l u). mm 5.3.1 iir, iv S p AC Eoff-iine^lL^^ll7£l'a]SPg^iff.fPjM^o 

a), #*rSStfli£{ii. ffiS, B-'NS iWEc-ime ^#J17$Pf5Jffla^tfM (®M 

saaffi) *MMo &&#t?mT, imiiffiijf (^A^-m^j) HMfr&gs 

WJ££'^f7#£^®£ (^#affiJa£W#«f^ffr). Hilt. AWec-i™ 

jaM^Mo i*iitb, Rm^fTtfuftiEfiEgi. 


&± (in 5.3.1 Dr0fi$). mniK%, 
I® iiE m A M £ iii & « M. 




5.4 PSPACE 


in 5.2wn£, %-uwi, 

AffJtii^T'iS ®J fff m £ I s] S ii 7 £ « £ !'n] fft if gc H ^ 0 £ £ £ t® £ £ I Hj 7 M M 7J £ |Hj jg 

def 

££• PSTJACT = U c D space ( ft ), £ 1 7- ft („) = £ . 

*7Mj*AJfea*¥y5yjicrw?&li, ffiftsi tm^tstact, min, —t7^A£in] 

»>££'W^^a±fe^ffi£A 3.8 ££EjM{t&f 7 . «±, 

& ( ja w T w £ a 5.15 > o ^ — a ®, i £ a 5.3, tstjact c exp , g £ 
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iinte&n 


ZXT=\J c D TmE ( 2 p ‘), p c (n) = n e . 

TSTJACE iff. ft 

ji 3 . 2.1 3 titt. 

(1) JPfoiSf^W (£M) j4S, 

imwijh <3?fm. rt^ibb—^^^ wiUMSre^ 5 . #<g«^tir&s-fc«w±fc 

0JH*M£jft££fl«lA. MB*£ <4 3.2.1 TO 

&&«■& OftH-^#-^) TSTACT5 (4 

ffiB—^r*Wpoly(|x|)^4f>t;®UttmiftWi!Ite{a:S^iaf^*, Pl'Jx JIA TSTJACT-. ?J~U 
m. 5.i5, tstact (4-^^$+) i £%-?j 

^* &EUt, 

(QBF) JSLaIM 5.30„ 

QBF Jg PSPACE 

(in sat 4*ftj cnf 15x0 4 , .4iJaft < J^'t'^MPf ; fin7misl (&*: 

J53S 3.7 ^|WI, 

nrmmm G2)o iffiffi#, pmtitftfc'&a.Mnrm&tk <qbf> TSTJACTm.o 

TSTJACT I Karp-fitljfiJ QBF» 

SliSl 5.15 4£^5£&frl5l£lJ—IftlTF. QBF *§ TSTJA.CT fc.'tk#]* 

ffiBJ: iPHir^, QBF #{§-^ 

iafigff. 4*TW^«&&5i;#tt;2:J§, #&«!&-& (M) 

(e*k #isin 5 . 1.4 dfs-^mms/*). &*> 






S^TSTACT RTfeJl££!Hlfe!B£l* QBF» uEBja^feH^S 


5.12 (Jt + iiEB^T ^XeD SPACE (log 2 ) ), ®4&Mteffl7—(JftAlH 5.21, rffi 

^#±tii, iMfe s w) ewsesMift 

wfa®, amsaa&<]««0f^iwi, «*%, &m be 

ItfitT(tSAM) 

Silt, *f7 (!5£lM) iuA.r, g^&WfilfflG = <?,.„ = (F X ,£,) , ^ v x %7H%iA X ^/rWoT 

t6ME*. waBa« cip^^>h^i»fl<ja*). 


a^i!5.12 l^ilEBBffllWl, MG, inJI4 G u ?IJ v / M&'&, 

5Wj£j5C* c (m,v,/) = 1 (^KIJ, </> G («,v,/) = 0 )o Ss^3^^(x)1n^ESfl«itSIW, 

ffefMiPijJHili/i!: $;($,/, 2'") » G I$(#C 73^v£ A, m = poly (jx|), ^ 

m &mi#m^&'i±2 m %o e&e*m^#j£jsc <&+& 

^IbS, $|5A x lt,4ltl ), lr?iil^^ c (M,v,l) &^{i[ (BfJiiK# M = v, ^t#v^w 
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If* s y: •v:ii 


(ft M £6 0S 11 ) <, 0J@i (w, v, 2/) = 1 ^ >t; S tL IX # ft ~ 't’BBS w, </> G (u,w,l) = l ft 

4(w,v,/)=iiHi0tte= Hitt, tfS'Jjiiast 

^ g (m,v,2/) = Bw€ {0,l} m (w, w,/) a</> g (w,v,1) (5.2) 

K+imawssis (bp (/> c («,v,i) > cmmim). ^ ( 5 . 2 ) ft#ft 

m hm <t > G (•, 21 ) <p c (•,•, 1 ) am 7 wa , c am 

S*NW»-fc). 

mn w 0 tsSft^ <t> G (•, -, 21 ) <t> G (•, •, 1 ). a^iftinireftj&BfriW&swi-fc, 

ft ft] ^jftft it If <t> G (u,v,2l) flt, HSfJCflJftjitlftW^ <j> c (•, •, /) $f ijtiffllft:$f§] o 

ft 0 g (m,V^/) A0 c (vV,V,/) “ V(M',v')e{(M,w),(w,v)}^ c (w',v',/) ” ( M ft it it tft fl ft 

—^M7{0,i}W-5ujR^±a£fi 1 ). T-ftt, 

V o’ e {0,1}3«>' e {O,l}"#WT0!)iS!)M*ffts 

[(ct = 0)=>(i/ = mav' = w)] a[(<j = 1)=>(m' = wav' = v)] (5.3) 

AM, 4(M,v,2/)/&ft^ftiX^ftft w, flE&XHlMc t, ftft(w>')0tfii£it(5.3)*n 

<f> c ( u',v',l ) o ft®: <f> c (•, •, 21) iftiXft^Siiit ifttclS^Fft ^ G (•, •, /) Jl^ftPfttJPtSl 0{m) ° 

Hitt, 


def 

0(u,v,2l) = 


(5.4) 


(/fp m=poiy(|x|)(fts£.X.|s)±), JfltoTOstilfiJfejex*. 

3we {0,l} m Vo- € {0,1}3 m', v' e {0,l} m 
[(o' = 0) => (m' = M A v' = vv)] 

a[(o' = 1)=>(m' = H'Av' = v)l 

A @(u\v',l) 

0(M,v,i)=i^ft{xsm#M=v^##r±MSijvWi*. ft®: 0 (m,v,i)^-^ (isisw) 

MSStVit, 3tft(ftftftMft3t m*P vftlfttt#, tefc<P(«,vJ)£i?i*£W, ^EtXSsit# 
u= v , t+irft, v^ w 3 -ot, ft*iy<p(j,,u")£->hS;tt&5S, 

KftMs,, /fom^gisevj, jaft^atmatt^s. 

mmv%, a x 3\0(s x ,t,2 m ) ft®M^^^ 

0(m,v, 1), 3£ftS<jft^^S^ M IP V ftffltM#, ftft.—^iftlilft 

^7 2 W )„ £#®ftjtMS, g&sg<*>(n,v,/), 
31ft (/>D &#*Mlft:BttM, *6|it<P(«,v,2/), ft 

itMM (5.4) + Min, 

&M<p(s I ,t,2 m ) Iftft3i£±gfla$ftx ft-fcj®, Mx g£XR *&«&», (ftttYfttftft^ftj), 0 

IM w = poly(|x|), AM±ftrfrMilfS#Mft|x| Hitt, ^x, 0(^,/,2 m ) 

/S, ft®SiJxe5^M^^(5„/,2 m ))i«>£W. ■ 
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T ST ACT 

TSTACT 

qbf (jal^m 5.30) o tstact 

(«r®> 

iBStfcJi tstact -fc±$] (ja##^t^[ 208 ]+ 8.3 un. i3rtfc*^»is*jg$iiq-&3fli. 


* * a 


“&*” £% (20M70^Mlf«ffi»M) ^ “UfA” (20 

tit£2 80 

m^mmUo sbwf. 

t5fc4HS Jt4-ft}£ st-CONN tfj AT£-%±&, mfe W£fajSK#l»RrWtl 

cap savitch [197 HiE0j3W£3i5.i2), qbf m tstact-^m, 

(JB. 5.1.4 UFS^® 5.12, H 7 Borodin 1481 ),, 

+¥*. Mm*. &#epm 

20 7-*, iACC=co^rS®^*—as—i£ftJS-*37Ba£®0fl<l 

f-ffl (IP 201H2B 50 W) WJf£+**5**W^?FfnljSW^. ®&-&7F faS# 1988 7I& 
Immerman |l2ll fP Szelepcsenyi I2l9| i?i^, 'ftkff] (^^J^fea/Jlk) iiH^7^iS 5.14 (IP N£=coN £)„ 
Mj12O^0^!'h]M, 7faj£ifitt (UCONN) 

($£) (#PBFSfPDFS) WMSl'P] (iPJtM 

#ffi, (1979 7^*, ja 6.1.5.2 1?) 

(#ffii$H&ai#a:+). m$t. mmm uconn ttimtimmmjM l'> 
WKSlJtMSfH] (BP^M^lttM). S20K90^W1, i£|f& (MRM^TTT #I 
6.ii)> 8.23), <as, maiib 

MffftWfniJSMW. ®#U4M£ra£&Mfift 

&7§iM Reingold[190]^#, 2004 7iIE 
ETfcS 5.6o •afllWKtt (5.2.4 U) 3£ffl7 Reingold 67S*g, ©ji 5.2.4.2 

X£##£itK[190]4 5 #)fciiJiL 



5.1 


>^«- 5£J* 


fa] 


no ac 


:i£. M 


® «pSI«k. RT*aitt$rB]#<a5Ett#l»«»IW*^*«tt- J-*f.l:TJt#»W»6-|ll U0.#-»lS:iW[l231<t> 9.3 Vi). Wilt. SH5.14 
ill ttig&TMJl m tt N ®. 

© ftlflffitB, ftH-W*. Trifonov |224| ffiffl5£^^|W|^ffi. StesmffST-^iSWar^IHlMWifc. 
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■y, 5 .-;v ‘VMU&vt. 


. ^W$f0]®lVjgs'(«) = O(5(«) + logw), i!44fa#B$By Af ± 

ffi*: iiES^^TiuAx, H& /I 2 o(l(W,) M»#. 

5.2 ( SKliUlf ±Mlf ) ^ ^ IM^J s Wf ?i. MM-4 

(PJ—f&a) iiM'M^IA, J. 4 $j$p]g^Ss'*$, 5 L 

s'(«) = 5(«) + 0( |o g/(n)), ^+/( w ) = max e)0i) „|^(jc)|o 

$1*5: A'j^iXiElT > ttW, i Ifc.J&iX'P > HM A )?443ilA x lfti+#4f : lfy tti A(x) ffrll / 

#i» (bm) 

5.3 (jRJItftaiSIWaiD^ftjftiteN, 


4- w* $t^mw k-vm mmk ( m*\ A/t ; ), 


4* fa] ft “ * ” # ft) (BP w„ =0*~ 2 00*0‘" 2 01*0*'~ 2 10*0*' 2 ll *•••*!* ) . iff. BJ§ 


1-1 


def 


> 2 *, kk 


S = {w* :*eN}<={0,l,*}*&8l?E8J, 

5 W«iuW-:nT4yffll4itfeAiiHBJ3o 0 (KjMJF£- > M¥&. &,t£'J 

ifrj 0(log£) = 0(loglog|w 4 |) x jleffr;^ S fftfilcm. PT x = w t , i = 1,2,-•■, 

S&£i!|—4S0SS* (BPiS#^iiETx = w,, 3R#X*«4*^i. ^gPJjc^w* lttil«) 04, 

w, 4-W)“*”, «T££P] O(logi) / ?AiS^.a-^itk,)(4^ii[Ajrgs, 

&4M^ log|jc|&&ftJ§l?it#Mfc4»A. «±, 


n 


**.., * * * . /, ,- ivM rffT 's)s 


| W| ~~W 2 


'w t :tsN[ 


M: Jlt04, TOfnSwit (WSa^w,.^fB]) ^fW 

M “*”„ 

5.4 ()iffl!i3> fff ff’/(«) = log log/7, 4i £?space(o(/)) = 25 S pace(0(1)) ° 

Ji^: 4 5 C“7C) M, M S £3E#W, JM&W 

j(/7) = /2(loglog«) o 4Sy& m, #ifi—4ii£I^ x. 7^/i.X4TliAP4 x, 

fflws mm&m m. 5ttT$&A*Bf_hM# y M&a. %&#i*wf!iifeKS/?yii chp&iis &*#<*#. 
A 4 Ift Pi §), 4 1 H / 47U^^^tA^it04^J / £4&j£4$wAi4.S(ftfy4E8o 

&jfesy&4 Mfcj#±Rj§wt&M*i2fcEa»*, 

/ = 2 s(w) - 5 (|x|)» silt, mnmmm$im±m%t ‘. ms, $n£/'<|je|/2. ^#* 34 ^ 

A&B, nj^fl 

-4Mto*&A. fff«££±lttff*5£4t0PJ, SSIfc 

^(bSfPSfei^llA4@4/So M,M> M/' ^|*|/2 , jc, 4 T.s'(|*|) = /2(loglog|;c|) „ 

5.5 ££315.3, ffiiKitfilAW (— 7C) SMg^lS* 

#S-44fH]a^^5'(«) = c> ( 5 («) + lo g«)^® : '^^'’ #^4#iA*M?*n., A 

if #164 x, ^ A'(x) = A(x)o 


® £S5.3lfifiEB,U*H, 

tMteS. 




55-^-ffi. (UHdH + lb&tt 
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o 


il H U4H1: 


m*-. *tx$iAx, n&A'mxA(x)M%t{\x\)+\%, M(W=»-2’ (,)tl<,!jH 

5.6 

(i) 




mm, tetox-'Eto* 2 ' - 

((*o’ A)»'*’»(A-i> A-i)) ° 

(3) MS$S6{0,1}>. tttH0rW££l$^/>e{O,l}*. 

(4) blz^. 

(5) (BP&WfS#-0S&)o 
#fg£pT*t®MMafIo »AHi^iifltWW-^3^v, *p*vMj£*M'l 

/+1, j+1 ^I'J. if I IMJf. ftl: 

DFSo SHTHTM, v 

iHfcPfJT v MJ4 e, De#±Jifiaii!tgM. V JF#}, ililii e, e Wii 

0flj Vo 

( 6 ) 

5.7 (^-^J««fife)»5.1.3.3 WWim ft (/,/')-KfcJfliWtfr 

fpl, inSnnTfcSlsj^rtJfci?, jfliJntenr4$|H]s rt*f¥, i£f# 

s(«) = 25, («) + 5 2 (/(«))+ 2/'(«) + £(«) ’ ^(«) = o(log(/(«) + /'(«) + 5, («) + 5 2 (/(«)))) ° ^ 

M ±ife. tiP^5 n s 2 fR/'PIU 5(«) = G(iog«), 0j*j (U353H 5.10), itb 03" / 

$1^: nMIfUiaMn 4£f4#SJ3tM 

-t&g (ififtw,.,) 2.JS. STO&ilA (-iaf^xA % i-\ tilfig (ie^a,.,) MT.i'f 

M z y Hff||'dJ (ifi^<7,)o &M-. ^%\{x,a i ^,w i _ x )^{q i ,w i )n\>M\m 

«iBt#B+»J I (|*|) + tf(|*|) > Mt«F3|5THF. (Si, a H w w 

ftisJTffi^ (fjffl5l3 5.2 M-fl»£7&), fSTOfiJ^te, 

0^13 (x,a M ,w,_ l )->(a,,iv 1 ) nJSrSlH] 5, («) + 5 2 (/(/j)) +G^log(/(/j) + 5, («)+ s 2 (/(«)))j ft if# 

+ , )o Hilt, njLU*iJffl$|Rj s(«) rfrj M A ft 

5,(«) + 2/'(«) tk#$l'0]fflT-M-MsmX3f:^W|*|§, M% i -1 'f'M 

5.8 (MJ&ft!Qft) ^5.1.3.3Wftiti6, JfcJMN&SEftSISlglKJBftiPT. fft, 

>tt«*|S|Jfin', XA (“SIR”) fpxsff, tffll 

>' = (> ; p 3 / 2 >”'’ 3 ; ,) ^ (AXfpJ^n ft) 5t0!| x = (x,,x 2 ,-",x,) /e [/], 

y,%. (i«]JSn'ft£0iJ) x, [ftWAM-o 34. M. n $U rr ft#®jazttjEjftj£«* n Sijn’ft^ 
iti i'p] ua ft o 
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% 5 v ‘VMU&K 


i^e±j^^)o ip c-*#— 

tk#)> o 

W^JSJ®fi£l*&Jil. ft® — ftJ5^ . t#PJ^s/S^(>’ 1 ,7 2 ,”-,>',)^i5> KW4i 

m * : #-woftj*yy *=(x,,x 2 ,• • • , *,) mm ft i*w (x,x,■ • •,*) i o{s) . 

(2> M^isnTO^iiMft^M^jgs, fym^mw, i zmh n 

n' ®Jn nTft$i'H] 5 ?$aE. $(«) = £>(.*! (n) + $ 2 (/(«)))<> 

(M.nsin') fmJ&o 

m*: £-mzjs, ^^m£(x,l(G(x))), 

5.9 tm5.1.3.3 Wtti-Nfe, 5. ffijftSWfiiSSfj#* s WfnjJSPnU^Jffl#«[ 

$m ( 2 j, 25 ) - mmm^, cej vim<r-i ft m . 

m& csm^js^s) “T—idiar, simei 

5.10 m 5.1.33 v, m-^m*\3k{-,i')-mm, /, (/,/')- 

RftHW, M, ft*$W*sfc£* 

5 w(•,/') (i,r) -r#jw, ^7/(«)=2 0(s< ' ,K, ' ,)+log " , o 

l 

%®ft^*jsc±WBPutsa, &i*m, Ma^m^x 

&. te'&^ffl.Sftii^ (IsUMftA#) ±WftSo 

5.11 Ort#aiSI!QI9Wfjfiitt) Karp-!5ft*w#«tt. 

Levin -mmfeX, 

m&d(n)^\ogno ran 

»3K: 5.1.4 (Ijffl^ll5.2) 0 

5.13 ( #»J®, UCONN ) ffc|j£—^lj^WTftJ^itft 

fi. cfUrf. fj5»AWffl#IJS.*i«. d, M7IWI- 

&4 1 w^$nlAfflM£& 0 %& 

m*: mm, 

, def 

-xji*703$bppt)o mmt, = c\og 2 nmmm, 
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ii mi&n 


'&Pi W ffl /■ f log 2 i/1 tk# fa] * ft#. 

5.14 ( 5.2.4.2 m 5.2.4.1 7>. ftjg G, fJ G f _, 

%7F, &j£®G,ffc»£A, TOfflftTO&faigG,.,, G' = G‘ , TOitG'ZZGo 

*TMG', g^G.^WM 

G' tffKl c c IMB 

M”). USIHifc. nJW^iaG'ZZG (£i±iS#3fiflIlij&£. 

G 4 lJ 5&*i^@S£Kji&)o 

5.15 ( st-UCONN m 5.2.4 1?, WTi+Jf £ H: G = (V,E) 

WS&^o 


a-:;®: it 5.2.4 £A G 0 +MfiJG 0(logM) 4'M AtMM. M[nl 

Ht«#£»*£< HP « *n V £ G 0 tins 1 ) S £tt!5Jt£ifcl*TA<l«£ G 0(Io#|) ^«jie<j). 

5.16 (HW-aPtt) iI««^»$W!Q^*J8CT, (HP 2- 

nTirfe) itst-UCONN (5£jvCJSL^I^ 5.15)o 
7F : 


G = (P,£) flj “ ^5 m G’ = (V',E') tJ ®H It , SIJ£ 
K' = jv (l *,v (2) : ve k| tlX £' = jjK* 1 *,^ 2 * J, jw^,v^ j : {w,v} e fj « AXjiSSlJ st-UCONN fltltl^Ht» 
mM: W& G W^-HM3^EttSv (1) |Uv (2) 4G'^MiiW» St-UCONN flj 

Jn-fcia^V 0 }**. CTMxSPH (i£it!Mi£{A*}tn{*,f (2) }. K4 1 *g r d6—>hJWISb 

M^.)o 

5.17 9P3S 5.15, 

g=(f,£)^M^^Mj fn/, #G*AUSI/M»e 

£3?: ^£5.15, (Hit 1 ) G 0(|o#|) 5 igfO? / W£ 

* 7A:G 0 +®pj—G 0(logM) ftMSTWWr 

a 5.9 ^5|£5.10ffl^*Wifi!Q^, (##»[190]<7^tU 7£- 

5.18 ( NSPACE )## 5.3.1 7>'4 1 M^JSC. iff®##*®* s, logs 

^jPS/SfnilHltrt^lialtl. PUTT A f sPACEon-line(^) = ^SPACEofr-Iine(6>(log5)) ° >3:®: 

'1 S 7 A A 7| $1 M > A'SPACEon-lineC?) £ A/sPACEofT-line ( (9( log 5 ) ) ill /4t AL o 

TJt ( ft 7t AsFACEnn -line(s) Q A^PACEofT- line (o(iogs))) : 

hp&£a*is&&£^&espj—# w&gE*;tfs]flfWMKE 

ffif&tftm ll, M^MEilXMrt^ W,««56W&iW.*ffiX^^iFB£A^±W^aWlS. 
fcfffl&EgW&S, ^MS^lft#M$l0]A^7-feglft*ftSt (SXff 

i(/j) + log 2 5(/7) + log, « + 0(l) ^ )« 

tii/F ( YY ^‘1* A&PACEoff-line (■$ ) £ A4pACEon-line (eXp(7)) ): SH.5<! A./ f’ ?4| (Jt $>t *>5> o JX "(Aife t 
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$5# 'tfpijUAtt: 


Ff?_hWfcb#. 

W.#i;t*I#±lftM)<> iIBJ3&#—-rWfl5& 
*n.wn*ra*&g££*££ra*&«M«»» (E?3^5.4)o ^msRfflr <“&*£&”) ; ± 
j*£XJ*?IJ. SWBPrT. &ifeg*«#W > h£Xrt t fll. 

5.19 ( st-CONN NL ) i£W UlTi+HfiMJS^ 1 ML m° NSW^ W 

B&(G,v,w,l) , 2&*G = (V,E)M—‘ ■''Mrfaffl. v,weV, 1 %&&, N G **^3^ v 3\ 

BPMv 0 =vJF&. 

#a^itkMv,., iiiE^(v w ,v,)e£, #£««/*£/BlRv, = w. £ 

M-. ( bp v f _, ^n v,) cbp /> 

(*»±, &-' Hnsw^5ft+, p.mum^w&z- (w^^iuw/fi) bp^t). 

5.20 (mmm ml wwwwr«i. 

(Mm winism* hKmnm^, ML=L^KU^mi^mm ct* 

5.19 tpHfeffiM&VR#], #tit$83|jll 5.7 tKp J&£nife$Jia—'Htftfl 


5.21 ( NSPACE fHWft&iltt ) S iftMSSlalgPBi+ir ^ “® Rift it 

(Strongly Constructive)” £+fflto»«&SIS]#RtoJ&ft. 

4i ^^^Se/VsPACF.W- 

(f,«if 5.2.4.2n>*w), nmmmmt) ex P (j(|*|)) 

acjiM^i, Mxes 

mi o fiPxsf^-5tf»A(« t v)sxw«trttfN, stusrMs^vjeAc.^jiinjia. 

H^: ##£3 5.11 «0J. 

5.22 ( £3 5.12 

(1) (J4L53M5.21), 'HfttfeSISJHWin.. Rm& 

iftWfflW 3 l t 3firS t fW«Sl^iR. 

(2) (fti3l3 5.1), ttit —MM 

S&&. 

&JtfiJ. (2) 4=WTOllt7 St-CONN ££#l&TO£|H]rt£J£. #»JJfc, ffi^TmT 

ffiWWfiSIIHiM. 

5.23 (MattWM®)-^WiRiEBSaaiaW, 

mi (mmvtm, ra> £J£-^££S£??as& 

mm# (gm-&j) Mc-%£fns. 

H*(ML-%£&): # st-CONN Mm® G = (F,£), (G,s,/)& 

st-CONN «*" ^{?iJ^B.4X^SG' = (£,£U{(v,5):vG£}U{(/,v):veK})^?Sjiii^o 

5.24 (5BWH+IE*WfllS6)iiEI0WTTHffnIH4 c^id—tt) AX- 
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'Hegjbb g={v,e), \n&mtsuc. mfes^tz msw 

(gRteif) *km&©. 

( NL-^^r# ): & st-CONN J0M A&HH. Iffis. *&/£—'tWfa® G = (V,E)R 

i§£ s> /, itfg-l" (^ir) ffl G' = (r,r) , tt# F^UfJo {(i,v):veK} R 

E' = UfJo 2 {{(/,«),(/ + l,v)}: («,v) e £ v m = v} o &M: G A s 3\ t MWft G' 

5.25 (MLncoMC, NPncoNP &, 5 . 13 , iJE 

S e MCDcoMC tS+ % Xs M^MfcJSMXlNRSRI #1$. xeS Bt z s (*) = 1» 

W»J, ^r s (x) = 0o NP n coNP, $U£#iE0fl#m*£i6o 

m*-. AitirwiM / v, 

llftS{x:/(x) = v}. 

iJlfflitl/WWM, A/iutt v0t^^)o 

def 

awagsw. nm#si—> n+# 

&yjrmU\<M.v. JpSJ4®4n.#HJ^»S. 

5.26 (M£=coM£ #)®TknmMm) vew&&- ^xtft 2 i§ittirM®» /, 

(G,j,/)It, (G,s,/) M st-CONN M—t “Ji" $^J^5.{X^(G',s',t) = /(G,*,f)£ st-CONN 

M—^ “W” ^^'Jo 

5.27 5.13, t£i+IM£5£i£ftlS'4 J Mt' 

#7*: #aNB-^^H5.24+MW£HH (MflltUDSR^) 

5.28 M St-CONN (#MlfcMi+») 

WfiMA£££ffl*A-^g&£gSj&tii£. SJSWfcMSfjGMHft. 

ifcrSfsjjQMo 

5f* ; fl&A(G,j,/), MG = ([4f), #mSfflG' = ([2^],£U{(/,iV + /):/ = l,-, 
JV})+A*££*oli 

5.29 (B»wn 3 tti*»)«a/MiHFw« 5 t>r*swrtiQM**^a«f[gMTnr, a 

«#jtftt*x, W|g(x)| = G(io g |x|)o tiJffl^X5.i3 i+H-, 

MSP^W£-1St#r g M3N»£*r*£EJ#l#. J®J#£- > K|-J* 

(i+#?gM) $£jmM£&W*§ifcMWM£Mi+l¥. 

#sb— tufflAi® 5,7 «m. wmsi 

BP^pMf5r-^itMiHi±, Kijff±#«5tt±, wwj, cmmm 

»iwi). 

5.30 ( QBF ffift ) %«eHT*“^*ft;W^^WJ&M3R^r»3«. 
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$ 5 v 'v’li'i U Ziitl: 


4*B—^H&S. 

(1) ±&(ft QBF WfM%i'nM%L)VLJ3%fy&tf}¥£$& (4 5.4 15 
jr-#?fi§i£lft)o 

(2) t qbf 

•*f jam3«^o 
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0iKU • &%M • #fc*M»r, 


J® it tt I'H] it % M £ % tt ft M X o 

fi-^#rWiHFI5IS. CiP 

sfeflww np-«)o &&mm\°m^Mmmtem$mmM\mo 

w 

S??> nTmZTT, ^fllllgTfeM TOtH 
(-#—Sett) iM#2fJ<]#tttt (BP 'BTTcTI poly) (AS 
(^Mffl-JI) (BP S??cl 2 ). 

tt NP +*Jj£iblS&0!IM NP-iJE^itiSf)„ M#E^Mi+ttifiMi+Se 

iii). 4$9 jj&. w o $#?m 

(MW) m^m3w> 

ififif. (SWJfe) NSMmtH tt*n, ^*it!5c 

(ip#y^NJH), e*iaftus**pji«aw, ww-^i+$eM 

np-h«w. 2e*«i#«'f. wuebj^s^j^n® m >- 

5^ttftJfiSj, M££ffii1*RT» J®MSSfcli6SrA<nS& (®#£*Tffll$M£l5£lRlJB## 

A/B-tc^. ijllf B)o 
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» 6 V MMtt-'iiNR 


Hg, n 7 fnj&r^j m &a ftiiH& m ¥.NP-^fo]fi^rwiffi#iii!ua^siffijs 
fcjn£—jfcNJH. WEA/AJ17iijAj ft a M I'HJNM£, i£mH§£i+ 

# ± ^ {ft 7 ft? (Kj ifi i Wit $c= 

(EM D.i). 4 6.2 Ur, 2.1 Ur 

def def 

4^, Mj£j8C( wmmm NP NJH : ”2>C. Mft R{x) = {>> :(*,>-) eR), \>XR S R = {jc:J?(jc)* <Z>} ). 
it 6.2.2 Ui~6.2.4 UT, ^Ajt^Alf'JIM D.2 A 


6.1 

#j&«ffl«#i»wj*ft. ftff m m « w ir] # a r m f a it $ £ 

tjimwtM. (tip -mm&mmx 

w> itfiM. 5M, %LMUMkmm* (umMfimsM) &&tow®. 0 *, <g«it 

(isicgMiT). mm, ft#e&£&PH*i':a 

a^it-^+IITOAMM (lnm¥ (EM C) M3K# (EM D.3)), {S|«M 

(&isft) fciMftt. &$&*—■^ft»w(n|js, ^6.i.2.i ur+ 

£&-#wto w&±, atj w- 7 a^ n $* m& &hi® fp]&= }j7m&mvimm{k&, 

(E 6. 1 . 2.2 U> 6.1.3.1 TO 6.1.5.2 Ur). 

6.1.1 SA1IM 

^sAvt-^^Mifr^. (M^i) $m, ftfmu«E^sft#i 

m»$j. {i£i*m <s»:) (Kss "^ir wpo. m 

(E5£^2.7 m-Ki£#tJ^E4PWAM 

±W*K. MIf - jgjfc 2.7 #it#, (Eij* > M&je$&AJF*&> & 

1^#ift#fc£ > NrftW=;7G£, fififtl C^ftlfe) ft 

±, ftft&p5|£UMJ*j£#LS&*, AA-«, «i9:ii&a»ft*i > N*;&— 
mft=7tm, eais 2 . 4)0 


® 35 8 *&W* D.4 4>ffirn TX-J-l««.fl:THi:nrtmW>6lii1*^. 35 8 $W*.-5tt AEWIHIltt c*mt$7si® 

(frnmmm') ^bimksj. air. wta d.4 &&mmtimM%)&&¥iit*>ji*r--&%Ba.ms! 

mi. 
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tp, #|gtf&fc&BiUi&iratttHft#. *&±, 
i£#ill§{XlXjt—l+^'ij^S&o |g&, &4WIHII ^4’. U— /^tPH'lifettJ^l^fltlRilfLii# (£ 
- S. ?$ ft 1$ ft W *£-4 s #3 ft #). # it # n M 8! M $t Hi W m m o 

*I$g±i£i4i6, 3£ra#®&#WI/l*tT^ft$IAWi5ft,M, BP*t^W#lM&i£ 

x e {0,1}’ , ffl WM* 

J*ffitn.»+W^43^. IMn£%JSA*x)fc“IEfli ,, j»MW. BP£«$NH(3t 

#]ftM) t#^. mw* moo a & $i x in m m x ^jEmn^) fw$. 

«5A” n-ppife, msfei (#j$&) iaj Muui 

Arftle, Uplift HIM' W^ttHia#A/'(x,r)» |H£±, M'JS—'NSfttfL. *£WW > Mft 

, def / \ 

A Jg-4^“l®|ltfiA”), M(x) = M'(x,t/ /(H) J , 

&*i(\x\)m^M'( x ,-)ffi “mm&” 

m^, njpu n 

HJ—'MfctflflLS M, Ri^flAi, ^i^fflM'(x,r)gppJo 

^Mrta&£j»w—^nri6Wi®#i») MM{x)mmx («_t, 

^>o *riii6 f ifi^ l #%vxmnam®^, s**nTft£. 

£^6.i 

• ffl' M' fa|tn.» /7, , (J#)^'fiE^ j: e {0,1}’ ^ 

re{0,l} p(W) , gftxft^ftl&A, r^iWAlt, *n.#M'£M£/>(|je|)^rtf?#l. itb 

S&. W&IBfcggJgjS'&aHfrW 

#1, (WM^HtlU) a. &£#&>. @ifc. MffiMl 

$IS^lrgl£fflW4'‘ftJil4 I M3fffi£KJ— ft. 

mmw, wmm, 

Mo Hilt, (ftMULfeX l.i mfeX 1.2) Hfegffiiaitill*. £ 

«&W^-ftJi i). 


£Jt> Bfi0Ljr& (Will) (JB,33Jfi 6.1). ft Mil, 


f—-m. 

^jm. 
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* 6 v Biiwn.'iim 




'/l; te A A 




fgiHj&¥, )£ £IXftHAAyi$£IJIE mm . £-A®. 

A&. Mi-M 3 Et^MAJA Affile 3 *t*|W|JM£. 

(D AT'A^fe^^^ Mfc;fe*0r if *Xi£^( Two-sided Error T &—AiH A g A^lJ £ |5J &, 

au (^A&st) (bppj-« “s” &mntz.% “^” 

A*g£)o JUf^S^raa, 3f&&A%fcN £ttttjft&A$IHjfliRj|?. lii 

tM. jr&njfB#««&wj&»Ax#, tenmam— > Mt«tf (*tw»M»A*nxji¥fl<j 

S&Ai^Eiftulfc),, 

© M A#*:feJt JffiH (One-sided Error) . & A AIMS A g JNJ& |'p] @® 

^JT&K>7t&£--AAl«]±tbf£ (ipm#^ *S" “^” $04). «±, Jg 

&*t “& w £0>jtEf£A*t “®” ^hhhs. BTiM±fe^*Mmfi5do sasftras+teww# 

{H£^i*ii!i7J£^AAIA A-#tlA7£AA 

Isi^JIsuAAft?. fs^fiuLti - • y Hai^ft?o 

® A^flS&Jak^Pi&faisI (Zero-sided Error),. jtfcfrt, tli 

(ai±aaj->M#acfl<i u ^m n **-£). ^ ?& w a h* % a a a is a a a m . 
(2> **(i!iia&-f£i«t. ■giis^ww. ^aa^m®^ ($n± 

j£tfi6). 


WSRbJW^bSo F^ifeift, $ 


A 


B 

7 H 


Rr&B&ftJ, M«.fPAffiA 




#& (MA-K&) wasm, i&>h*[fcttaiEMato0«s«#jett. 

Afsa J-Aii. WW£%®A««*M£aU:K. Ai'f (#£|SS±i£ 

#ft>« 04 in. ifff«toA$M». 

A. K3S “ifrA” —'MEMBpej.. 

WT 3 AAH> (BP 6.1.2 Ar—6.1.4 A) #SiMi6*tJ&A±j£ 3 #A& 

M0UB8 

l&EF&JtM Cook-M (sRKarp-jQ^), fa^^%jEg AMMI£Mligo AT^&J&Wr. 
K^diSMSlS*. 

• 2 . 9 , «cfpjsn , m#a.ma 

^AU'tlRMWm M, MRlT.tlW IT Wii/WSffil;c, ^(xJIfrlti^J * MM MfcE 
^MAAi-^OxI), 

• mUT-%X2.u, ^J^iajasnTiiilBimWKarp-fi^e^i^^J^i^MS', A A 

#lT4$f A ABilABA^JAA /l. 17(9- A ITteS x, Ef Pr[;if s . (i4(jc)) = Xs ( Jc )] A 1 - /r(|x|). Jt-A Xs (^K 

x s - > A^5 (Bgs') MM a ft, /i*Rrsawa». 

&®jB&£WfiSfcTf-JrW, JEaHS6.2 0 
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6.1.2 BPPIH 

* 

£fi£ttife£l5£raB;titir. MliRMti-tllWiiil (iSL 1.2.2.1 ^). Mtu 

(^JIjWI's]) #'/i /I ft?A?. R iBSiitffixeS,, (BP 

del* 

/?(*) = {_y:(x,>>)e.K*<P} ) , W Pr[,4(x)eR(x)]>l-//(|x|) , M *J ii M xiS R , W 
Pr[^(x)=±]>l-//(|x|). ^4 J /x^/nT^BSft < Jiai(oa^a : .SM^'S:WS^^WMWiuAx(BP 

r(x)* 0 ) mmm, j&ssajffiraMS. *£±. *, 

#ftye/?(x) , f$#Pr[Al(x) = .y]>l-/r(|x|) . TO 

(J8.3S 6.3). 

il/±$f[S]^J^NS. #J®.{-Ri^1t^oT^BSWtl$^i5!^Wl'0]#v'io #— > Mft¥ (^J5iA 
BtlHj) %*(kA W Pr[y4(x) = ,£ s ] > 1 —/v(|x|)» 

#'€®$C (BP^xeS B}, Xs {x) = 1, S5W. jfr(x) = 0), // TOMMlI 

jtH^|lJ^^^cft?Wj) i lJ^|uJ^^iti'f^ ‘BTT, (Bounded-error 

Probabilistic Polynomial-time).. St-lvrA. > fnii 1/3. 

&X6.2 i'BTTm S m? 2TP %, &3I#£ ~^«£«BtlTOv£ 

y4. ttftJttffiftxeS, ^Pr[i4(x) = l]^2/3, ffiXtffitxjsS, W Pr[/l(x) = 0] ^ 2/3 . 

2/3 1/2 mnm mmmmttiWkVt 

as). asifets. ^sifhws» 1/3 waft-res (03ffi#*ra—as). 

®ppas«ttttto«i$acit». 

$$$# cmimm-X) 

xtTf&tosi'N -+(o,o.5), m«#i^±pr 

% e M^mrasas. bp$ps#^-^m# * £ jb a w ra j* ft a, x, w 

Pr[\4(x)*;ft]s£x(|x|), MSeXTT,. il^TOl, 'BTT = 'BTT xn . MAMM 

gM^as-di^A sypo #»js. 

(1) MiiMlE^M^p^£{n) = (\l2)-{\lp(n)), 'BTT c m¥rT 'BTT^k* BPftE C‘W 

M”) *hhm/ 2 Mb««* (Bp«ig«^(i/ 2 )-(i//»(ii))) ®vimu%) 1 / 3 . 

(2) 2U(«) = 2-' W , 'BTTM^ BTTm* BP 1/3 Mfti&lft^TO 

(BPAWM*WS««45±R). RSisfr&ILE. 

#««^s®»j^ra3feBPnr. 

ii y h3i?SWpK3 : ijM^-bJl : y,^iJ|^^;^JgljliJ (Law of Large Number) 

l/r (JE53^6.4)„ 

6 .1.2.1 mm^vam 

sa^ra 6.i u—TFa&HHjwras. 
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# 6 V tttttt'/lf* 


9 10 . 1.2 Dr, Pfi^ c D.3), 

££> — *JfJfiIfitil U -¥-£jftif M (^PnTJAL 6.2.2 |J —6.2.4 1?). &M5NMi£$P#lJS£|n~]M 

ffi*fRlJHWSIK1S?&W. B§ #1 ■it ;tS l£ a in £ J® ^ &t f§] % v£ W it £ 86 A). 

fiug^, 'BTTm^mmrmnmm pm <mmm? c 2??>. saws^ 

4##JHk, W BPT=T (JE£S8.19 M, 

a*?£iIII3B— BPistr'f /(■JWRWISW.If^nrWfilffl 

istT^Pp°ly(r( - )) fftfS]iliiiAfvAftfJlSI'Pl (JAL 8.3.3.2 ~fj )o 

&-*^J&. #£@£#1*18 (M 6.1.2.2 D)). 

N HI+, fa] 

(t&UNtiR, 

fg]rt* j£ wra m tPsa? tt 40 (siwfid^&#y^nt>, 'btt 

a-aife3»^*±iei^Bi#ntw^^fnia®. mfr.mn aj *m (h.ai^m* 

m mtm pppm^^mm* 

bpp mTzm&wmmm 

mm PPP = P RTI&j&fc, iS NPtp[ifiR3z £Po JgSft^ PPP A 1 

"S" (I>3S6.8)o 

**n, ppp cap ppp^e 2 ) fiaaitto. i&iaa 6.9 

ftj— 

¥JiW£P®tnfl: 

»«#adJfflI&3HlWT. vL^PPP ^PSPRCP cOT, spphs 

4 8.3 u, mm^mn pt? m&mwt 

H 8 #0 

#—aW-£fit#Hfc 

nm&n $ misha), sii/ittw #m * #—awa m 

art. m±, c#j 

*&> «JA. ®W£#£ttttEi3 £*&{!£ 

*«iiE. IS lit W 

ftTSHfeo 

6.3 sy? £ P/poly 

fiEIB: v±E: P/poly ^fc^TW^aWfclJg (&13.7), SPPo 

Sift, PPP c?/poly. G*ra«a«Mtfifc, *f ttit S e SPP, #£-^ ( 


© ffiuii/y = PS3 , j^cr(M!,iiifffl9.4) ji4' * m % i* w *• • i ■ f * • *no *a-4 . 

© «WS>I 1 (!innm® 7$*n* 8 iff), •0-t J F«JtS«TfifeW8 < j5S«.a^.®T 
*&A«t». 


. cwte) 
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it-ffUjfttt 


<2 


m 


WPr )***(*) 

WPr , . w r3xe{0,l}”®^(x,r)^^(x)l<l o Ejfc, Xttt*«eN. 

rs{0,l}' ' ' L 

M A(x,r n ) = Xs {x). MU® 

smmw^—a&#i* 7 s e p/poiy). ■ 

S# : g!6.3 (JE##if$[ii]> WflPMiffl. K4 1 

mX, £##rnt. 

jis m\mte to w rt iR*j to . 

6.1.2.2 M&9B3lttl3XttttaH 

a^iaiEWTitttttjwrajajs^ pm. 

TWISSIA. 

^ 1: M&MM$tp >2. mod p fftpfiit t ^ t mod p BW^fflt ( p) ®. 

£2: MUM &&N, modWMtt^f'JtMtTO t mod/V 

Msqrt, &&&£%%& P t a mod P 

m\&, Tflf^s, MSsmodpfftMttMtStM-to £nll$frA7/i£±s£& 

#. J(liJ^«TiE«»tlHfc^il« Silk. £P*±i&fiJ7-tM£JjS 

JXL 2.4.1 t)o 

«i&6.4 tmMmmMmmw-iimmm xm&AMg&»Ar>2: 

(l) ta a^AftlfcsRfittWTO, 


(aa-tw*jscwa*0js. 


(2) r e {l,2,—, A' -1} , s <— r 2 mod/V ; 

(3) t a - ' <r- sqrt(s, N), hU^kr’ = ±r (modA) , 

«±. m N%&m Bt, + sqrt M <BP£tij BfeN 

jfcltf, TOffiffi sqrt ififif 

ftff]£iiE93ina A *>£■», JffllXifc sqrt i6lslfa<i, 1/2. 

$«^fisqrt (ja7ii?i6.i6)o 

#jh 6.5 && 6.4 

c’fM'J. i6i6Wfc$Md>;& 1/2. 

mmmifrm 6 . 5 bp sqrt t m 

{iMM§& P Ik mod P JjMpfe s, IbMIi] r<s/2 {h® r 2 =s mod/* . ^fmli!! 6.5 ^jifW- sqrt 


® <6 r e {l,2,--,p-1} • x 5 ■ r 1 mod/? 'ffiSj'MR (BPrtdp-r). 

^2^?*®,i3j« e €{2,-,iog 2 Af} nmu x' = n m-jim't'&Mn&® ?&n >, 
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$ 6 V Bfitttt'jii a 


»&) *0^. 7ytji-; b^i%& t&» m® m 7 s?p. 

ffiBJ : 1, *f7$t N, M 6.4 mft&kfrirtHM r e {1,2 ,-,N- 1} 


i"j sqrt (r" mod/V,TVj e {/%jV —/■} )<> ^ffi> iixiii A nJ^'$fc-EL7'/Gj5=?:i5f KllflA 5W03 V 3k 2 

nTfri, 4?77#*]£.y^S7'W 4 77^117 (2) (& 

T]®!#* A 5 t t 1 |§ y f'SiJi^^ (2) Silt. S> sqrt(s,jV) 

m/V-sqrt( 5 ,A^)^^i (2) 2/4. MJff, 

mi. ■ 

&#: fajg 6.4 Mljll7fil#lf£ft ($jBf$) —7W®flM#£. WfgWJffiW8M7fiJ* 

+ Iffia- fclig 6.4 £j«7— (N,s), (£7 

jg-> 7 MISSALS (Af*r&»B*. ;£7$nH£iSsWM.). 

i&0J7 *ttft#((5|H^I^±a7P#S. M, #P35fca-|pI*WfllSirffiaitWig6.4fi 

cm fje^swEfi*). 

6.1.3 J£i£fgi£: RPfOcoRP^ 

a 7 i't&ftw 7ii^«wn7 ^j® a w m wm . 7 msimm&'&R3 \m ris mmm w 

s&ai#, HPRSRjB+w “ w ” mm, URmM^p^mmmm^-jcmm 

mm. mmtmi&Hmmmi&mij& (i^g6.3). 

%.x 6.6 (rp#i) ® as^jjtRis. itmrt 

HMxeS, WPr[^(x) = l]^l/2 . ISffftxiS, 3q Pr[4(x) = 0] = 1 , »SJS7 AP. 

aii#ti^i Mimtmfo’&.&i, o m 

mwT up mm ®*ttt (jaAJ^6.5), 

SUfcflJRP c^!P (JEAI® 6.8) HT cBPP (i±4EW#«*@J*). %.Xco'RT= 
{{0,l}‘\S:SeRpj, &*: coKP XtJ®^i4««#iE^WSffi. BP^SRJS 5 H7 coKJ>, 

£nJ£#£M£J$5SEtt|0]#i£- A 1$#*M7 Jt * e S , WPr[^(jt) = l]*l UfiffttitfS, W 
Pr[^(x) = 0]^l/2 o 

6. 1 . 3.1 

^b. 3) njfffijcoKP^-7^mwr-y^R^ (jaA)MS6.i7)o 
W*P£££*£#5S. (aE^ffrife. 

w*br>. MAii^tkw^gi^w^Sfc^^wwRJWBPpr. 

q :F n —> F 

W Wr ., r ,eF, SJ.«Sp(r 1 ,r 2 ,...,r,) = 9 (r 1 ,r 2 ,.-. f r <l )IIt«S. 


® RP (Random Polynomial time), K^^RISSPRWJ. S -&£ 

nffi-ft ! Jtt,*,jB^A«iBfijNP, AUfu^aim —bn nr m MP'i'-FmtiutMZWjtttfuim. 
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JJiJ«|jft6.7+Wli:feJSSSSS. WT3IJSM. *u£/>*p? *>WR# 

F # £L&ifc#J'F;A:^P d, d/\F \. 

9IS6.8 Spir^FAti^FiWrf. jmw 

p W%*«fW^ r 2.'“» r «) = 0 ] " d 


F 


HEW: rtnWKn*fo° s«= int. *tt»+to*raifei&RriE 

d 

p( x \,X 2 ,---,X n ) = ^ i P i (x 2 ,x 3 ,-- - ,x n ) • JC| 


1=1 


^4> : p f *2»c«[^jej±^ji^/=ow 

■\mmmmmm, w 

*\^»a W r i> r a»-» r -) = °] 

^ Pr o .0 .-.r „ [ A ( r,.r, ,- ,r„ ) = o] + Pr 0 ^...^ [p (r,, r 2 ,—,r„ ) = 01 Pi (r 2 ,r 3 ,- • •,r„ ) * o] 


d -i i 
+ 


M M 

0 a! {i is fi p ( (r 2 ,r 3 ,---,r M )^0 iKl^^iJ r 2 ,r 2 ,---,r n , 

def 

1^5^ p'(x) = p{x,r 2 ,---,r n ) (EfefiSnJ&l. SH i ). ■ 

©#: TOi^, 3 IS 6.8 F d &£j 5 Ctt*i*f 

\-(d/\F\)im&mft, Hiit, ip*</«|F|. 

6.1.3.2 BPP^RPGSt^ 

M BTT&tT 'RT^’i RTW»Jl^iif|«a«j|tt#lKaip-e^*iII!0 ®F!P Rf 

!2AJB£i3j co3fcP, £+teffl7&W^+M;ifci8NH (T—aWtHfUS^jO. a*: £pJ£ 

Karp-j/3^J, 0 bT^ BTT WLit!l!S**j3j coKF, ffi SPFPJ coKP Wfid 
^ Karp-MH^T 'BTT = coTT = TT (JEaJM 6.9). 

f5fc> stvXi£##% 2.4. l Drx>r*«fpIJSW—SWf SJSC2.31, #|:fiMn = 

{s y ^s no ) m? btt( * e s yes , 

WPr[i4(x) = l]^2/3, M-ffiSCxeS^, W Pr[^(x) = 0] ^ 2/3 . UlfeU&, inlf co RT, 
^P^;^t'fimx£5 yes , W Pr[3(x) = l] = 1 , WM&M x e 5 no , W Pr[/l(x) = 0] ^ 1/2 . 

fern 6.9 btt +ff*iHigRr!Uiaji^ia^«Misi#i Karp-mm^m co bt, 

co TT (MM BTT) ¥f%m, fi&fcHS&Stt “^” 

% “5” £#). 

AMI. »PPW*#La^iS|fl«iBI#lCook-fi^e^* K3». Silk, fijffl 3.2.2 
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HU# Iffitttfc'jM-a 


cKn S£±. HT™ ^'BTT BFV ='B?'P, ^ifo 
W ‘BTT = 'R‘P Rr . fem 6.9 coRy 

Utt^jST syPWJRli^^WE^. 1+1=2 3P#S&, 

(I$£16.9tI%®WNI^) 4 , J£3£Writffc. 
•EBJ: mi KPP #!IBftfyBi8toS£&Sfr30Ei*to#l*£ 

Mim-o (HPtt&ft “—34”). —«*%, 


fgiH, It# Sic#) a'BWt. 

SJcoKy + toJH'flH. (-#£ 

n&3. 't'^ corf* mm&mi¥), 

m, a^*EM0j^iis^sgo 

WTffl^S 6.9 §^-#iiE^#& 0 fejt: 

f £-#*& (*— >MR«), 6.9 tfj£|5* 

s^vtt, p u??-n&A', w 

pr i2/,’(W) \_^'{ x ’ r ) *%s (*)] < 2 _(p( ^ )+,) , ifcsitfttt, n&m2p\\x\)\k>i&mmtiim, #.&« 

ig«/jN^2^' (H) /2o &M-. a#—(JE.38 6.10) #tn. 3E 
ifcfctfsr, r StfUM^aufSiglR 

wa-a# “ : s ; ” seaw^apBaasft*. jm*«, *M£*Kues. w 


Pr 


"'e{0.l} 


W 


Pr 


„. (W) | Vr" e { 0 , 1} p ^ j / 4(x,rV*) = l >1/2 , W M \i M xeS R r' e {0,l}"' (|jr|) , 

re|o , M [A'{ x yr”) =i]<i/ 2 .mi“^’’ mm“m”mmr m“S” 

a m n mr^r mmmm. is#«ft$i!i7—K arp -nm, 
mmmxvkM *»(*,/), ^#r'Aqo,if' (H) 4#j7jM, hKmmm^msnm^ c 0 rp ms 

del’ / \ 

(#JEg*f (*,/)), pTe6 (£&M> &<¥ A' feXXl A'&r’)- A’(xSU m \. 

*ffl WJE3S6.il. WT^di^iEW. &4 , M&7±j&ffii£o 

WPr[i4(x)?tjr(*)]<^(H)- (SSI) Jf& 

a'*¥, & a mmftMmmmm%i%&p, naxt^f &&x : &fex&&&&fax, w 

p W w > ^' (jc>r) 54 *W] <*(1*1) < (6 - 1} 

Karp-M, M co RT 4" W^itfnlH. 

»#&#: *s*#-5rtxsjt8j±ttTwft, 
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7 ft) ^'JB 3 “M'P” jyeft*. 

w& “5” ^^Jftfai^M^^'+'flJ coRP fallo z( x ) = l $y^1&’ 3/i£f'Ji&^Sft> 

*i^®Ax+j*ijp— y N##ift u \w’ ftfi, ftMT-w&A'tfjmtiiffiA, 

^tt*r6{o,ir (w) . ffmTrZfemmr' ,m& a'{xS)= i . 

^±^Wi??ijpT!)aA!iEi^4 3 MftiMo %-m, umPsimwm^mmm, wjmt 

“^” M&^iiimM^aAcoRPini 

ji#btopt. 

miit, frttAftxB 3 

tb#s„5 2 ,-,5,€{o,i}' (W) , 

*tft;*re{0,l}'’ (H) , #&/e[m], \£U A'(x,r® s,) = 1 . DcOMW, tfffitft gtf'J x 

ftm ^&# ft «, i& #iis# ft $& 17 n % t& ^ J7 n ft m *® ft. h el , *t 

, def 

/4"((x,s 1 ,-”,s IB ),r) =v”, ^'(x,r©s,) > ffl&Ts,,s 2 ,--^ m ft&#W g, # “&" £#<J x Bfct**) 

l WIIM. *fW3KBW“W” 

&fci m m. *7$—^#fni8i£±i$s&, a 

ffm^ftfiSm^M (ffcfclffi#lKarp-fift) JF$&. ^M3£jfiL0«#fe«fnl®. 

fittflli&IM': ^t^^iAxelO,!}"» m =/?(|x|) > 5,,J 2 ,---,5 m e {0,1}"'> 

(x^), ^B 3 5 = (j,,s 2 ,---,5 m ) o vi#: iflfB M, 

feXiuT®frm®mn = (n yi;s ,n no ) , fc|«ft3fe0mW7&5£(*,I), 3S4 3 

= / , (H) 2 ° 

• tt(x,s)%} “M” $#J, $p^^ffi^/-e{0,l}"’ , i A'(x,r®s,) = 1, ^B 3 

5=(^,5 2 ,-,j m ) , S.m = p(|x|). 

• *f(x,s);*J “i5” £$|, $P^*H7E/, ^Wre{0,l} m 'f$|#3'(x,r©5,) = 0, 

JC4 3 $ = (s,,.y 2 ,•••,$„,) ’ -B-W = /?(|x|). 

• 7iftffl n — 'h coRJ 3 , # fSftiTftBS#l#j(&: *t7ffir A 

(x,(j„5 2 ,—,J w )). 3S4 3 W = p(|x|) = |s 1 |=- = |s m | , r e {0,l} m , 

/e{l,2,-,/n}, ^(x,r®5,) = l&t, IfillA. «±, rift “£” £#iM$-^ft*lM 1, 

ffi “S” §fe09*H§iftfttt*M'>* 1/2. 

T'BfrW. 

®lW 1: Mx^j “M" (HP *(*) = !), lJPr[A/(x)en yes ]>l/2. 

®fW2: Mx?4 “^” (HP*(x) = 0), JJiJPr[M(x)en no ] = l. 

2. HIM A/(x) = (x,(s 1 ,5 2 ,--,j m )), ^4'5 l ,5 2 ,---,s m S{0,l} m 7 I i$) / S3, 

&M: (Sit (6.1) R z(x) = 0) ^^WnTMl5<j5,,5 2 ,---,5 m e{0,l} m S.^rW 


158 


1 


JjU# Kfllft'jil-* 


ie{l,2,-,m} , r £ ^'(ac,r©s,) = l WMSIA 


2m 


lit , M ii M nj & W 


S|)52) ... )5me {0,l} m ss^ -¥fKjre{0,l} m , +i. ItU A'(x,r®s,) = 1 «i. Klfc, U=l 

“5” (BP*(x) = 0) B&t'tflJnftj “I 1 ?” $#|J (HPn^+TCft). 

«iiE0j»rs 1 (4H-Xj;r(*) = lW1*^)' ifcBt. MA/MUSff 

4Mfr * iftltA n M “M” $$J. iHH&ftWjfeSfe (^;r(x) = i&t) M±PK$nT: 

Pr[A/(^)gn yes ]=Pr J|>i2> ...^[3r e {0,l} m , ®#(V/),4'(x,r ©s,) = o] 

^ X p w-*[( Vi K(** r ® j i)=°] 

re{0,l}'" 

_ m 

= X n [v 4 '(jr,A- ® ^) = °] 


e{0,l} m /=l 


f i 


< 2 • 




t^itPraj^(6.1)ffitH.*±^BT^P,^l^^(x) = l,PJPr[M(x)en yes ]»l/2. 

ig, WBUBSI n ecoRP, £HffiiEo ■ 

BPP PH 

Afl]23ttt±*Jfli£3 6.9 2TPQi!?£l%£Mmm&*(}Ssm+£* 

SJ>2> cl 2 (£££3.8), ££J^jW 

I'sJit^WiiiHj <p(*,.s,r) =v”, (/T(x,s,. ©r) = l), 

X (jc) = 1 => 3sVr^fjt,s,r j (6.2) 

x{x) = 0=> (6.3) 

(K + it (6.3) --3sVr(p[x,s,r^ )„ f$ff s’ 1 ( £3! 6.9 IftiiEflff‘I 3 ) fii 

?’U 5 fisf£ Vr#>(jt,s,r), ilit (6.2) 5 o Biffs' 2 

fils, r ^^caZI, iTai^ (6.3) , M4> ; i ? r :; i£ _< 4'‘&f¥£fr r,, 


#UfcJK*, £££9.lU.) 


® 


6.1.4 ipiifgl*: ZPP 


zp? (^sitaiM^aaww). zTTmm^x^imjum^ m 


® Afcifi. £fcX.M.5HSW. ftflFffiX2.5 tfA&JCX* “5" fcttrtif#. iUSU£tt. J}ffii«s. 

#£ >e{0.1} po,y(W) ijtft* Pr[K(j<-,>-) = l] = I , wmt&xes %.rfffiy. # Pr(>(jt,y) = 0]S5 1/2. &.«: :Mj5l n/ljl £ j£ 

Mfttfi. MA (6.2) «l'2. >JS6.12 >I' *H07 NP (BP MA (fjSSM) MSte 

BUJlttJK*. 
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Wt/t2§° MSeZTT, i4. 

Ixe {0,l}* , W Pr[^(j:)e{ / Jf s (jf),±}] = l , it Pr[/l(x) = *5 (x)] 2= 1/2 , t 1 3 x e S (ft, 
Xs (x) = l. ?*? K'J Xs (x) = 0 <, ®#, (BP 1/2) M.§.nJWffl “iai* 

uT.HJJ, (JSL 

^JS 6.6). 

^Ji 6.10 ZTT = TT ncoUT, 

ffiBJM: vSVXM ZPP ZTT cK? (ZftP cco TT), 

teSfe*tt, jBJ& (.rn “Jk” MVO i£M: % ZTT #& 

%\£WT.T OcoTT cZTT, m T.T D coTT + —S 

“Jt" (sR “^”) HtTOfift RP-#S£ (^ coNP-#&), “?r” 

(i?R“Ji”) Hitt. (W 

fllifiJtt^tBJE) SK'J, Htti-L. ‘ □ 

$MMM5SWIr] 

(ja^i^6.7)o 


6.1.5 




^ & r ft i wh *m £® 

««•»« 






AM$A±#, M, BXmtti 5 

6.1.5.1 JgJfc 

^sjsc3ffu5PRWM#ufftw. ftfnffiiteWfiijawfliswsrasRinr <m 5.3 no 

+ to|5|Bffi£fclo &&5Fn«£gJfc* (JSL£ji(.6.l) |JMfcPRftl“*atfn, 

®), (ft£«o£T> MttM, sssain#M» 

*iEWji&*a:«a(w^*« 5.3 #£*a*o. 

S^ftEb^TWBTfgSB 

wfohm (Wisi) ffl±, wftEafliBBtt&WiRansfcTfflttBB (MM^siamaw 

1 43ttAM 2 Bt, 0fJHBWfii4fl^li#[±R. $£±, 

*/!#&, a pit$j n&n at m gt&%. m oer^jm) 

rtm&mmkKW-tmvx mximisL$s#sWL%.mz.n* nagtii«ffl 

NL-tn, m&&. tn^A* u m n %w. w 

M'J>2-'ff]M^ (#<$£) it#, itflA-fclMttjgJMRo 0 

lit, 2'£#ij 0 “^” £0'J (M^JiPflA 
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$ 6 $C pillftltl: 'jilSt 


*E*f^), 4i+ifi£$J2' (££) fff, (iftW 

NL-#lftfj—l+nT$c^i+#)> KOft^i^fmA. 32^i+l&3§ffa;&5iLffirS:£lB] G(log/) M# t 

(M§1W)o »£±, “BS#li+lfc3§” ift^!siatj£W$. 

81 *812'. JEM 6.18. 


j&— > M86#ijfffi, tg (^j-ffW^iA) wtEjuwiM&fftfi. “S” 




7 1/2 

«ng±i£*m, 

Bim (m^Tim ^ bt (s&'btt) 

%. B£ (sE ft? (nE SPP) ffl|W)o 

£,£6.11 CR£*n BTL$i) $n£i3($f 

• J&JJtfMSMT 1 B£, Jn*#S-^«SW (£8S) tt#xt 

ffilxeS, W Pr[/f(*) = l]=M/2 , W*HiJS * e S . W Pr[/l(jc) = 0] = 1 . 

• »y£. ^rNKSM (£85) f[$l'H]im a itn 

jttffift x e S’, WPr[^(x) = l]^2/3 , M^tlijSxiZ.S', W Pr[>4(*) = 0] 3?2/3 . 

£&. McAXc?, I2?£c?. /E.S: BP ^ it # JT/i is IT ? Mft 7JigAlf>t| h] # 

.aTOWWfllMisgltt. B£m 3F£M&Qffi^&. iiii#KWv+#«&, mm (fe?| 
m> itM (w^ftMrtsfea), 

6 . 1 . 5.2 

ii^rnusjaT bl m (0M& 5.2.4 l m, ©#?£,&##? 

#fg£nTi+l¥lM: ^^|Gfi-^(i,(), G 4> 5 fl] r 

t^Iia 6.12 Xt7iiA(G,s,/), m$mtehk1£ * s 7F$&, poly(|G|)Klftfi®#l«. 

/ WSS»AW=7C^. SMKliiWtM, #m-#, namim 

4p* j|P(ffiG + 7i£ii, JMd¥a&JSj§gft(G,j,f). ifrJB 6.13 B£^7M*fri$iIt£M^ 

Bxm* 

#M6.13 &mG = {VX)^iZ-^&& , fc$^&%0(\v\-\E\) 

1 / 2 . 

JAifo, oTWfiJii 

i2E&«#*+0r : £M&£. 

ramU: ^P7±^SiEHJ, MGIIM, 1/2 

wwia g jfffi- m&&{u,v), &x uv %— -Msfi#i$*, 


161 







iir/UA-H: 


£ u MMV BtF/Tffi#W&o nJW^iiE, *MS M&{u,v}eE , W 
£[^ v ]^2|£|, JSL^J6.19o Fffiffl cover(G)^^'Jf^nT's W*£,£Jt 

11 1 M FI FT< *e A cover( G) M h PH o A ik $ f J S A PI #> AlM G 4 , iEii0fW 

cover(G)^ £ £[>J^|C|-2|£| 

(«,v)eC 

♦JpSUft, M0j, cover(G) <4-|P|-|£|. 0jfc, 


6.2 it m 


tf»nh. NP-#§*i£isiigM*r. vHrisis£*& 


iSXfcXTffiJSiMif-ftlRlB. 

(1) (BP PC AM-tcAI^Pc {0,1}* x{o,i}’ 

2.3)), i+IS[, BP ^ $15 A x, If-HUti |{;y:(x,jy)e /?}| <> 

(2) Xt MP S V (JB,^JJC2.5), 

WMNP-ffilg&ffvHft. BP*fA«uAx, SJ«jai|{^:K(x,y)*l}|. 


ftTOj8fcra#m£Mtt»r«iH. fxr (xmmmwm) 

(#»JJE 6.2.1 w 6.2.2 U). HJ&” (JE 6.2.3 Hf) I2A& 

(JE 6.2.4 HD. 

fFfflo 

6 .2.1 msdi+lfc 


(0@ PC^tj^W^M 


m m±m a it . £ jsc* t «r n » «»j *t m m it» *1 a m r»i 

je« 2 . 3)0 

6.14 -#P) PC A 


I'pJMM 


Wi+»M0rW®». lli«il, M/:{0,l}‘->NllA#P, *U*#£/iePC, fMffilx, 
w/(*H*(*)|, /?(x) = {j> :(*,>>) e R] o jtfclpj', ^/xl-Fj R NI!i, ififF #R ( BP 

#/?=/) o 

jnp cook-figjsj#y, 

PePC, = {x:|/?(x)|>o}Ml&M (JE 2.1.2 HD. 2PP£mtH Cook-!l3MS'J#P 

(JE^JM6.20)o #P£WBt1faffl«£ftJ^.X, 

def 

6.15 5ttft*/e#2», 5, = {(x. A/):/(x) ^ A/} 

^_h^'f/l'7i+# /. 

*rfc*a»/:{0,l}’->N , p, ttTOlxe{0,lf, W 
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BflttLtt'jilSt 


f(x) =$ 2 p(W) , m±.mm § 

iEBJ: &=f-¥z% R UiEJfeitT ( BP/(x) = |/?(x)| ) p it 

nxt&M x w/(x)^2 p(w) o f ^m^x{x,N)'^&isL^ 

f(x)^N)o <JE3^2.9), Bmit#/TO^J^J^S / . 

BP*mmiAx.&s / o a*. Ds 


f{x) 


0,2 


pH 


oa^j® 6 . 21)0 

6 . 2 . 1.1 #pe5i5gg 

^7 u®pp«t !ia^^#po at—^tfi, in^a 6 .i 6 ff^. 
m&mmmm (£ 3.2 ww^jso &cook-mm#? <bp pjAcp^a #pt 

T* r ^TSTJACTo 

fem 6.16 th cook-mm#T« 

&M*t£li6.l6 ^ftvEW, M£Kj± 

mm, nmF.\ 

Karp-fogsm^MT- 

6.2.1.2 #p7c^t£ 

#P-5c£ tt W £ «tel f J^lT-jc ±tt. BP-^it»fnUS/*#P-^W, $pm/e#J>J.#P 

Cook-!)3^^/. 

&fJiAA. if 2.3.3 1ir^WNP-^fniJl4i^Wih»[MjH#fi#P^ft«l. 

—'MJfMPttJSS. 0H£fflMKarp-fig| («») NP-iH8*Mt ((JTF 

j£JWJ7&-£) «#SM. 

££ 6.17 CtSKfcttfigJ) 4 *,*' e PC, g S R = {x: P(x) * 0 } SJ S R . = {x: R'(x )* 0 } 

Ptl Karp -!l3^, Kt i!(r) = j) 1 :(rj) e if} I /?'(x) = jj: (1 j) e /i'} , ¥$ g (R fP /?' ) ^Ifoi 

(tW, ftl**M£*Jt, W|P(x)| = |P'(g(x))|o 

). gxKgAjKarp- 
^.a^Hi;lx, W|p(x)| = |p'(g(x))|, 

»'Jii#Wg*^Sfc^ritT Eta S ft SI S fi , w Karp-fi«I.#»Uft, |P(x)| = |p'(g(x))| M^T |/?(x)| > 0 
(BPxeS*) s aix^|p'(g(x ))|>0 (BP g(x) e S R .)» IMgM&iE&feM 2.19 iEW + ttfflW 
Karp-fomiR 2.3.3 (JEAIS 2.29). 

^S6.i8 & p <= pc, ^isspc+ff^a^RjHBnuwfifcifejQ^^j?, 
iHftiRlJBJi#P-^£M. 

ffiBJ: iaf^#P. %'uEWHM f e#T nTWlQ^SJ/, 

%fi:£J§U'ePC, Bp #/?' = /'o Slg^RT^q, #£*'SU 

ttMgo OT^Jtil^fl'Pa^jA/#*. W#P'(x) = #P(g(x))o 
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ii 

6.i8 bmi#s y, cnf ^WRrflusttstiitwiHfcfni* 

(@* Rsn&mmm ?><:-*£&*)). ^gstfe# 2 . 3.3 tf+nsiw^ffeNP- 

^fnia&j*At, &&&&%. 

gT&Pf-'P*^ BP* NP-^£raH2.fiI0rWtoBfcij 
IttW. 

« * ^ » w a * h « *i ^ am -» ra s * rt is *# p-^ ^ w. 

£3 6.19 at^i*ffi*#iHM*«rnjja, bp#* 


ReTf (M£X 2.2) -(£##/? &#:?-*£ W» 

£3 6.19 (J&M6.22)„ WTM4M$ffl 


T-^gMlftvH&fa 

&.M-. ($P£^^i£®(—^^SijA&^S^—A 

iiH0^#l? dnf ^#?-^^W, %fg$PTii#fl SAT (£]£36.]8, #^ AT Ji#P-^W) iiJ#/? dnr Wfi 

<*>. fpj #i? dnf tfliiRi <p' . # 

j&[H]2”-#/? dnf (0'), (sK<Z>') tWitt. £3f#iiEo ■ 

&#: M£3 6.19 SWfefflH54tWl&^*iiEi«o 0j*j)A#/?'fiJ#;?Wffi 

S R . = {at : 3>>, i$i'^(x,y)eR'}ui\^\)3¥]%jS R ={x:3y, ^^-(x,y) e 7?} , 

J^NP-^^W, MS R eT (fe^ReTf), Mffi, £3 6.19 (BP£J£ 

(Bp^§w#/? di , f (^')=2 n )) urn, 

“^*7^B£Pltt NP-^££lJ£|p]®”RE? 4>A1£^Mft, g 
ilk 

£ 36.20 ® 

^'f/i'itk (jAlAJIHS 6.23), 5}< 0/1 ^§P$W^RfPj^ (Permanent) 

AT = (m jy ) fltM&fP^;. ifi# perm(3/), HJa^tl^W n 7U^B^ ;r , ]~~[" ( w,. ff(l ) £PP„ £ 




3 6.20 ( £fij—) M (^»J*1^H 6.21 jfPt^jS 6.22 ^ttj), # 

^Jffl#/? 3SAT *#3 , -^W*$ (M£3 6.18 S5UH 2.29)» MM, WTfigPFAIBHfcW. 

6.2i 3 sat w^ftigjii (ip#/? 3SAT ) ^iQ^*xt«ESwei5f^ifp^. ia-^nfe, # 

*Mc>0.&WI«MI$[il/, ttftXt'FfcAM 3 CNF?q^^, 

^£1^3|Sg7/, , f$#perm(M (S ) = c m ■ #R^ {</>) , ^4 I m <f> 4 5 7 1/ Rj y M5(<, 

f^@6.21 W®^TjEB^#TOc = 2 lo |P/ = {-l,0,l,2,3}. bJLU iJH(M53IS6.24 (gtfjjpj 

ffl7£3 6.29)), c SjtMfijft n >1. n WiRifP^S NP-ffl)«W (*B6#lfi^ 

T)o Sift, SM«y|c = 2 lo 0t, *MS*3HRn>l, ffis. 

^t2Wi« (MTititmod 2 jqj£$am (BP£w*£3^i3fi]rt^)&, 

SM**JVCrt^J5R). Hltk, #i£.WP £BJ>2>, WiJt^j@6.21 c^PX* (0^*53 


® MifO.I tpfftBi&jSfill. 
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IS6.24, #£2MfR*n^£NP-ffl5«M>. fii& T *NP, PWlfrll 6.21 *t7 

(JAM 6.25) . 

#@ 6.22 o/i 

rn A Rfcat* o/i *gp$ A" AAA" M&it\A mma^o 

##&#: 6.21 *P-fr* 6.22 $tIW<> ■&$& 6.21 iJE^I^M 

$;Jj J^So %{[]&* frOttiL 

tt-BTA— *;MJJ:#*/Ltt#*|t#ifc*iE«, Sib, ifrll 6.21 W 

(SJ», M, *«6.22#ttWftJI!7W'Hlf-*&&, 


4 JH 6.21 fftfEIB: 

a rnrnu^ a ff^wiwftWiniHW 


(Cycle Cover) 


M*. flOT^ffigMSWiU. Jjn&WfafflftJ swcc 

^3CNFSE5fc#, ttaSWfaiP&fflG,, 1£C, itt SWCC ^7 c'”-#/? 3SAT (0), 

swm-T- mm'Affi&mb, t-T^m Am, haa 

fflfi-S—(im#D it, AkttitmfcX&lBLiM.. FA, f 3 

(0ftj) \AAnAm 

Sb^ti, jt't&T (*M) SG.+M-g— ®WJpW=RS» 1 MWftiio 


v 

3IAW7M (Track), 


i W) Gfoitmm, a*iiftrii- > MSi^*i«”, £i±*B&M( 
dj) jum, 

S7£M^4<7!±ia, KiJffiS'«»SM4 , ^-7ll5f'). iPH6.im^, ^4>S^7 

M x x &H777I7W “IE” £-77^714 “ft" tflM&tti 

Mo i4A£76 (j£*htHgg/&) (aETSP). 


it (um% l), c^-ske), aaw# 

^fiJiaA^.-S (H6.2) (MM. <B£#fflfl<M!£JB± 

W—£JftiK). ffci&^C($o£ 

iiisa^iiB^w^) ®ffl74Mis, wc4 (9^) 


(l) (#ffl+) (BPteEW0*»aS5fc£&) MffrW 


MMftfn 


J*J 0 


© a¥.w-ttiwfi5^B*}&—^aaawwiJqffl. Jt4<«i'*§£«-'NaA c^^no it$»j». aa&ft#e^iKi#&. 















ii num 



® 6.1 BKrtHBJktf. istoswa 

(2) ^K(S)f^fP(if IftSMfcflft. _aF(5)+^*,nJ 

®jikirt, #£—'hfjN&c (^*±Mi%^+£i<j c), 

lttlfti=r S, ffi W®fflTfl'SPiaai5 Co 




is 6.2 &*. sas -'MTOTSua^iaM#® (int^^rra). xm 

(3t*wfcsa#M> 

o) *mh m^imj^^imsmmmmmzm^o. 

i£*: ±i£ 3 #fi*g70iWWffiWl!l». E±3-^®am (Jt3BJ§W#K) 

m±, a-: a*aw#ffl+) ^$aa<ic*i«3fi) ^Hw^iatwia^ 

WM (j> W^#WJ*J£J8MftXt : f Gf m SWCC c m (JSL^IM 6.26).MJff, G, ffl SWCC 

^fc"'#vW- 

&“**£»£ Deus ex #1, 

l6.3MTMIPf. (Sc=12W) WiIilttJrffi&T£fcMiR»5£*fkiiE 

(J&3B6.28 


rm. 


T 


6.4i^Tf^aw-#s»ttiiM$a. iisitm 

4 3 ’&X£/l y h^,£W.&#n$i&. 3£ (16.4)« 




© M«>. Hilt. M *ffi. ft 

Sill 3 & 3 RJ^JigK(S)W5c#EB2o Hilt. 
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#6# mm l am 


•frffl'l'# 8 HU 6 (ift) Zfijko i (^HiSi'^)teiil^ /c «R /+3). 

F. 

^ 1 0 0 2 0 0 0 0 N 

0 10 0 3 0 0 0 

0 0 0 0 0 10 0 

0 0-1 1 -10 1 1 

0 0 -1-1 2 01 1 
0 0 0 -1 -101 1 
0 0 1 1 10 2 -1 

^0 0 1 1 10 0 1, 

m 3 6 (>f jm 1 

3£* 6 


IS 6.3 + Deusex 

W 5 3 3 'tx^ LBK 

LB2. LB3), m 6.4 ‘t'iSiffltH TPftllPW^^fliS. 6 

£ (ft 

o ^Mt££S£IPW- > hg*F. a»a^0SitA (i^tU) 

SS£Bt. (sEiSA) i&o 

(&P entryl LB1 Sra * ftili )o 5 

(fulfil#). 


entrv 1 


entry 2 


entrv 3 



exit I 


exit2 


exit3 


6.4 [n] 


! mtttimMigfaikxtijfr® 


mm±&mt, mmmikTfo&M&m'mmo 

#£&£iHlA*Mfl5i4 (ftfi*/l). mi (SI 6.5), UR 

(1) (tTPM) 0 rWMMft£:t*n* 0. 

(2) #£->NMft6 (£±j£#iJT*. 6=4) tfc$;ttm^#Wi4+M£*—*, teffliS 
i&&<jlIfIMftS;tft^ 6» 

(3) ara® (#s> fisM (#tm) Oo 
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6.5 

M: ±j£ 3 wr^ixEsg, 6.4+W 

^iS*U£^^^^0aW«« (JaL^IM6.27)o Attife, Jlt»t. tc = A s . LU 

TW 4 x 4 til 7 “' 7 $£ / J N &tl Deus ex # 1 . 

^0 1 -1 -0 
1-111 
0 112 
0 13 0 

KMft (Mit) Rraji-H-jwfljfit^jgp^WjR 

(ja^I@6.28). ■ 

ifts 6.22 mteib ; uEw&igTO. fiEi»^«E» 5 ei^w«iP^Brja^*inr#ft 


V 


( 6 . 4 ) 




o jQ^ftH&l T° —ft «x« lKli!§$5c£f!l 5 $ A={a u y , ft ||/<|| x = max ; ( (|a iy |) 

URQ A =2(n\)-\\A\l+\ o ft®: i4, £, M ojft ^IliWfs] ft it#, #3'J±fc, 

\ q %iQa <f]2 '°i|ML ° £paEM» / 4 ' = (a (J mod^) ( BP /!' S 

def 

{0,l,”-,g^-1} ), |njM gF^liSHnJ A' v< Q a /2 Elft^mTftl v = perm(^') modQ 4 , 7r 

K*J > #mf tB ~(Qa~v) o — S -I W 1 ^ 1 perm(/l) s perm(/l') (mod^) , M 

perm(^)|^(n!)-||^|Q <Q A /2o 

Slit, perm ( A') mod Q A ()31ft{0,l ,---,Q A -i}) 7 perm(/l) » ft®: perm(ft) TTsfe 

£),, > |perm(^)|, ft ft perm(^') perm (A)$Q /t 

%-&. vEW#&.mm-tmmm&o 

(SWCC) z %II (Eft® 6.21 w 

iiE0J)o @jJt, SWCC 

m swcc (ft)w/3zT- o/i-^p$)„ m^miuw swcc 


n 


TWTM-t-^ifeW (W swccft^) 


(i) (BP /-i ftrtg&^/S) 

wgjf (M* i) ft#, w l<W2 ,-,w, . 




M, W-ftft^fflU&ii 


w 


jm 


x*i£iH£ffl0rWgJ*W 


7£ 

IITL o 


-&i£$$3jw ( ., l, ifDftfBj^W-^gif (&fi*» l) (SMteffl-fc* 2 




38 6 # » 


rm 




rm o 


tfjg£F), ro— 

#»Jife, tv, zi3tf'J3t7^*cr w _ 1 ---cr 0 , MZ, :<T . =1 0 + 1)'- 

Mtt# (BP't5fe#^» am^{i:<J, =1} ) flfffljbqftftg. 
i)5)ptst i+i ttfflMftM). a ', 

%3\ —■I'* 0/l-$§Pr A", perm(/l') = perm( / 4") A" liKjtliiifTE A' 117C'f£1H&/S B*J 

%®5%, jg#x^74w-7 t\m&%LM£®3o (&m. &&&&. ■ 

6.2.2 

^cibmsij, c»f 

o.oi• 2 /(w) st, iaflMfe##*(*)££Sto (iasxW»^sra)o 

(ep2 ,(W) ) w^» 

# a 6.23 & Re tc, i %%®^, s. m & 

^ £ (j i£N {o ; i} n x{o,i} /(n) , m> P , 

X e {0,1}’ s <5 6 {0,1} , W 


Pr 


< 8 


(6.5) 


/l(x,£)-#/?(x)| >(l/p(|x|))-2 , '' t '* 

8 ^Zl7u^7r:. M.M A(x,8) poly (|jc| • log(1 /<5)) „ 

liEHJ'tSW: 3f't"F^ifllAEKj x ^P <? , $-?£ A &K ( = @|/>(|x|) 2 • log(l/<J)j , i£] ypy,,---,^ 

Hi 2^ •|{/:(x,> , ,)e /f||// « □ 

ftik: a#)?(x)>(l/p(|x|))-2' (W, Bt. &M6.23tt%&xJ&AL, 5»J, Ij#^ (6.5 ) 

+±18^—(BP$ftib?j?»o>. ffi^STifiiKMwajsc. m 

#it. Hcrj^^iiiKi^^#7?(x)^w- y h^f(!a-T mm#* 

s 6.2.2.] 

m^m am%.s R mmm*iMR w^^iaifeo. m&, #t 

#*to M, £ 6.2.2.2 W, fiWiiEWKr#^H:^#E5®. BP#P 
r t i mWf‘5]^^Jffi^MRriliiSiJ WliillCook £4HS&^ifc;tiiu, *£& 

spt*£x , f g (o,i), £«) ®» 


® aMWEEWf. «#&ai F-mT&mimAit^x. fi^iufciNiKjCWWife'i'fflsiTa^w^. s y Mt®*;i#j£j!u& 

Mia, UR £K)-'i'-F-WT3£ft>Tffififtf. ttPiM A(x) iiUB«W«t ; «/£#«(Ar)/f(|x|)^ 
^(x)<F(|j)) #«(x). JtEWlil3l4c#^(*)^^(x)</ ; -(|x|) #/?(i) (n£«$*#«(x)/f(|x1)^^(x)=S#/f(x) ). 
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i! i? U/jVt'l-: 


^^6.24 /:{0,1}* -»N , *,5:N^[0,l], 

Pr [l n W-/( jc )l >£: (W)-/( x )] <<y (H) (6 - 6) 

jfifeL 

l/3)Mlg^M^nJ^O(log(l/^))^^^/h^ < 5 (EM 6.29), 

AMltfe. A 

3HnjitLB£^ 6.24 /w( i-*)M (bpmmm 

dct % 

J?,,. ={(*,v):|v-/(*)|^ff(|*|)-/(x)} ). AM (*ffi7>EM6.30), 


-H j(x,v): v<(l -s (|jc|)) • y (jc)J -n |(x,v): v>(l + £-(|jc|))-/(x)| ^ fcvft 


( u mm”) n 

6.2.2.1 #/? dnf S$*|*j£l&l 

#g$#J>-5££lMWMW*§ tfe'RTiKL^JS 6.31. 

JgifrEWil^r WMMSJiMW, MS 6.19 MffiB+tea#^*#P-^£|blg (Mil 

&m, mmmm u, 

MW (») NP czVTT (@*fir»0 

Tffl&ftVfKftGM W £09-AE&? W £{?'J) o 

#/? dnf l^3fi^^nrWiia;^(f,l/3)-i£M^li!l3^lSlJ^® 6.23 ^W <Jq££i£) i£ 

imnm* Mi^v^c,., ^+#t^c,.:{o,i} n -^{o,i}^-^^M 0 

IPsft«k CASi^ife) m / hf^5|,S 2 ,-,5 l „c{0,l}", ^ |(J.S,| Wifi'fist'filo jJtBt, S^yjk 

(£4> U M&” WES 

(1) ^/e[m], S'(iJli®Ml!l^|5,.|. 

(2) fi^ie[m]|UJc[m], 1U A $ tfe 4c * 2/P ft fa ^ £ l/poly(« + m) IU ft W 

Pr, £Si [^U )W 5 y ]KiaM. 


(K+s^cr'O), em 6 . 32 >o *(j-s, 






u:,^ =z 


m 


1=1 


■5,'U S , 


JO 


m 


-2>~» 


1=1 


«U S , 


J<‘ 


(6.7) 


(6.7) (2) «iaM„ ia#9fcfcSI7*nTJfi£. 
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i|U V Hi ftfl: *J II-ft 


def 

o 4“ a ,■ = Pi ■ 


S. 


mmm&M (BP#MHi'j(i±f)-|U", 5 . >• 

tfelia 6.25: e' = e/m , = ftSlfrlTit 

(1) 1, *\S,\. 

def Tii “1 

(2) nmmxi> i =p i ±e’, 

ffithffi ^a t ZMo 

-#■ N i = p, ■ |5,|, (6.7), f mm 

£jv, m & um& o m ffl a, ={ Pl ±ff')-|s,|= n, ±ff'-|s ( | c m m^ n. rt m nm 
Z,«,=X,a±*'-Z, \s,\. ^Rs^me'), vsizknm 

Z, a < =( 1±f )Z l N, . Hilt, WfcJTSife (JE>JH 6.32)o 

^«6.26 %&p, /? dnf WitilNMnriU^±fe^(l-(l/p))-3£^o 

mttmmzmmm&mio to, aw-ttut, 

©^as^WM+wj^RTiB. 

6.2.2.2 

irffiHSJ. “is©” 

(MSzX 6.24) #»J±tk, ft«Mitt©#* RTtUffiJ^m 

S* = Hitt, (BP 

^#/? Wi£©RT4M^Wf0]rt!Q^S)S , J ,). £P*±, ^ NP-^£NIB (BPMS^NP-^ 

^W) m—«&, MimEm, #t 

i np* 

6.27 MUMReTcuRiE^m^p, 

MprnmmViim, t&toi$mRto{vp,M)-j&u, ^^^Rrsftwa*: (in/i(»)=2-). 
*M£*nnfe*<o. 5 , (ja^i® 6.29), mu&mp,m% i&#r m 

(l/p,«y)-iS©BPRT. TO, BTiiEH^+ ^MSW(l/2,£)-ia©BPRr ( 

IS 6.33)o 

ttTiEW»ififflltt*D.2 * Hashaftttft&o 
(It* D.2.1 ), $^-*M$ift(lt* D.2.2 ) D.4(lt* D.2.3 ) 0 It* 

D.2.3 t *.!&$&##&( 31 a D.4 ££ 6.2.4.2 fj & + -£P^ )„ 

wumm^m6.33 *m#&*#o a©a©«^(x)^<p, jam tbs, & 

sssfefcwjewijfcfli (#***<». n§&*(*)<= { 0 , 1 }', £*/=poi y (|x|), 

**^/e{l,2,-,/}©#2'- 4 <|«(x)|<2' +4 o 
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!0IJIIirtHW2 , M5.2'-' ^|/?(jc)|< 2' )o 

tm", imn^7tM^2- i ^mmm')in, mm, 

m. '(SS/f(x)^iljl^#l^MM^ > Nfe^^My/?(x)|/2 i J, /?(*)* £®7citil 

an^\R{x)\^2\ m r{x)^&w< “np- 

i" MS (Hitt, MWii NP-Ittfffl). gr&W'MKS. 

JlWf, WJatfrT-#;i£tt. &-&&. BPte/?(x)4 J M^m^WM« y MS(^M|^(x)j/2', a 

A#ans$nT. 

Kfim^nTWffl-^HashaliC^m (JftW^D.2). A#±tfe, £SS/Jto£tt4'. «J8S» 
^//;, '(t#« y h/7e//;^Wpoly(/)-tt#&<jm^JS, 

$o i4 —^Hfe, — (BP^^(A,x)lft|'t@J/r(x) ) # 

Sc{0,1}') *t£ 

2 ‘ 


Pr 


*e«; l 


|_yeS:/z(>>) = 0'J g(l-£-,l + £-)-2 1 |S| 


( 6 . 8 ) 


(6.9) 


- 

(a?ii d. 4). WM}' iaa^j.asA(j')=o'. #&±, 

(6.8) mm, 4*#®jJL±. ‘&&&& 1 && 7 . mm, ^ (6.8) m 

#7M*/^io g2 |s|-o(i), jjij s M^/^io g2 |s| +0(1)0^, s4 

imheHj, jye«(i):A(y) = O'j = <P . 

def r -k 

s r,h ={(x,i,h): 3 y, $>#(*, j>) e R a h(y) = 0 '} 

£Kl h£ W 'M a! o 

mftRePC WfiSWS Hash 
NP, 

M 7 $h 5 A xeS R \^RS rh F §/7 M/=l JiF^p, <£ /=/ 0 M¥lt 

^4* im^x wnTHtifWMo a < n, 

#//€//;#£ ft Ms MM: &^(x,i,h)es RH o inS&Sfcwfc. W'Jf?it#$ift 2', irRij, 
F*"i^CiSM (/<—i + 1 ) o FESyiiitl/B Mt4'((.B’J (Bp /=/), Fi’^tl^P^ilft 2 ; o 

7 $li)Ax, m^Ms^MMjc, #Sjatf$ 3 j^ 3 tffM*ft o, M, 


m, ptwuhb^s^m^ 
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3U*: Ktttt'iit-* 


2-o(0 


|/?(jc)| > 0 , #4/ t =[log 2 |/?(x)|J^O o lt$Lh, £ W> i ( i < i x ) ^M^(x) c f 1 (S 

/>) W2''- ,y h7n^ililM. ^pj-jf^irto 

nT^fiJ&H i x +0(1) R{x) ($ P* ± £fl $3 M {t v(j 

)o LUT (ffXffi^Mi#!) 

(1) (/</,) ^mMm^^Pr A£//; [|{re/?(x):/z(^) = 0'}| = 0], K±PB 

*2'/|/?(x)| ((±35^ (6.8) nT£P, #4f = l)®o Slit, Ul¥ 4-3W 
±PS^Z;: 0 4 2'/|/?(x)|, '.h/P 1/8 ( i x =$ log 2 |/?(x)| ), )AM, liai^^T2'«- 3 >|/?(x)|/16W 
»Md>*7/8 m$Ji x >log 2 |/?(x)|-l )o 

|{.y e /?(*): h(y) = O'j ^ 1 . ^ 

±.W.% a / {a-\f , Jt4 ) a = 2'/|/?(x)|>l (i^ (6.8) nT£P, Mf = a- Do ®0j)fc, MF? 
*^/ t +4^i4^4 J ^^mW«^±Pg^8/49<l/6 m%i x >(log 2 \R(x)\)-l), )AW, ItfiiJ 
7pH&2'* +4 ^16-|/?(;c)| 5/6 (F&T/, log 2 |/?(x)| )» 

Elth, v?i>£v/16^|/?(x)|<16vW®^Si>^(7/8)-(l/6)>2/3o 

6.33 (^M/KtillM, frl^IS 6.29), *£iit#iIEo ■ 


(2) i '&mX ( i > i x ) 4 1 Pr 

k 2 


h*H\ L 


iUA 


6.27 M tilUSIlfiif BP 

NP-?r§0<JM), RflB&g (£W NP-ilgMEFt) WPMi&mJl: 

o. EtuthffiiJ 

w^x^«5A^^w^i^5':(ja^^6.35)o 

(rfiJ^^^Wfl^ 0) MM, 6.2.4.2 

^[106]^ o 

6.2.3 *tnf-HS?ittfi!?ls 

mimtt (^#3^ni-«»#4B^^Sijnfl-»)o mtfgtil, 


ifeMAfg (£03^ 6.24 fP 10.2.2.1 Tf)o 


® ft*: 0^^ff|x|B](0,2p) t, K-4>p = |R(x)|/2'>0. 

© arnffi/PT— bpu(2«-'-!,i), *w»T««i>m#»5etfw#ie. h( y )m 


ffltf-{0,l} , 4'i>l'S]^. SiiW’WUdT. Pr ft6//; |{ye«(x):/i(>>) = 0 '} 


ro±#^ e 


h<-Hi 


|><€ /f(x):A(y) = 0'}|J = |/f(x)|/2 l 


173 


il -TCU&tt 


R fl$ £Kj 5c ^ "o' aE: 


NJii (a2.4.MS) 

^JSC 6.28 (^W®HI¥&iflM#fll*n£l|j£©jS) 

^US Jl ={x:|j?(*)| = l},»+^(*) = {^:(x f y)6Jl}.ScM«fl»J.S^-&S it ={x:|j?(*)|^l} 

_ def ( . . % 

W&S/? = {0,1} \S* = |x:|/?(*)| = 0J o 

• ^y?M»ei-)S¥^^.^ ; n?^^us R U5«^^^fd]|g^ (JE^JiC2.29)o 

2.30, /? wnt—US* ftttftft® *. 

• ^JjeJJWBt-jWWSJSL^^NJBfus^Si.) (ia^X2.3l)o 

W&WJt, £W£timT, te&ftitt, 

np-^h*. 

£116.29 a^efC, #fi« JfPJjRjlMM 

^(51® UKS* £ftH$iq£iJ£) rT£M i£fftI' b] 93 ^%?tc fiant —^ (sE^cigft 

(US*,5«) )o iS-^Kfe, M, # 

Pr[A/(x)eS^] = l , I^fti£5 s , If Pr[A/(x) e US*] ^ l/poly(|x|). 

S^K (ja>M6.36)o ffi#lKaip-jQ^A/IS!*W»«<R¥ <©*fcl> "mMiittMM 
'b, JAMftSiJ—^BSfll Cook-fi^, &*: ®^#5JW!a^^r® 

^©pT«^^-a-^WtD|na (&««*) tttfijE®l§l£ (JU* 

±fe, £«$r«i®*. flff£*j£!SiJH>fr. 

x e Sr , tMW M(x) e Sr )» 

fiEBJ: ±BiiE3l§JfcSMJ§—f»# (M,ffi&±M$H>Tj6:&iliifc>. ffi 93+ISSUES 6.27 

MilE®*. Hash M, #3|fflW^:D.2.1-D.2.2+W|*3&. 

ia^S6.27 WMffils], ±HSiMJ?(x)fffl-1" “B6#L$!T, JttW#MRW-^7C 

, ifcitt. (BPAW"t—NP-iiHIgWs,^ to&W), i<**) 

iSTSiwu. Hash ® 

^ (MfD.2). 

c i) $p{5jfe#|/?(x)| ? am-. mnmmm |/?(*)| Hash m 

M, m^.me.21 ca#i 

wmm, ®mit, nm^& 

IP m e j0,l,---,poly(|x|)} , ( Si |fl(x)| > 0 Bt) 4" Pr£m = [~log 2 |/?(x)|]J = 1 / poly (|x|). M 

Js, M#lttk&xBkM%(x,m,h), h )k ~Hash 

(2) $P^^2?(x)4 5 ^- > h7c^^ ; S : SjlRStn,j^6 < ]R®$#'ft^j R fKjn£—0®££ 

a 6.27 wra*. *(*)+»&f®M7ciwfe'& (iaf^A) M£ttMTOffla&gs*,„e:N?> 

(iill (6.9) £jO ((x.ot.A)) M£« (x,m,%5 u W NP-fiE|g*feM ; f 


® 3«. 


—TifiauiEWire 


174 


au £ Mtttfe *J n-« 


R(x)' SjJt, /?(x)4 3J P-' / h7i:^3I3i!ffii (i£f£h) S_§.lX3ii(jr,/w,/z)e5 ww 

*wnt—w NP-ii^o fflms RJl ms K toi8i{k&&i rtw^su^t® 

^#'JO 

&3C: ^/?(jc) = ^tl, “35” sfeff! (S RH tfs%m, 

&0D. 

( BPIftlt M) 

HfeM6.ll *ife—jRtt, 1gi&/?(x)c:{0,l}', £+/ = poly(|x|) . 

m'&&me{\,2,-,l + \}RheH? , H? &—Hash ® «, g + W Hash 

aifcMMM (JAL^XD.1), $1*3*2; « bfc#$, MM#Sls*. w eMPtt-i$ 

#'J ( x,m,h ) , '(J#(x,»i,/j) r^T - {ye 7 ?(jc) : *(>') = 0 m } « f'Jffl NP-iiE-ig^^ S RH flj 

S R ( BP 5 S fKj NP-ilE ^ ^ ) Httf ® ft !)3 g. 11 ^ (x,m,h) B& It % g(x,m,h) , # W 

{yeT?(x):/7(y) = O m j l^p |/?(g(x,/n,/?))| o 3*p_hjj>f3^> llfliwAx, 

def 

M (x) = g(x,m,h) , ^‘l 3 m e {1,2,---,/ + 1} , h e H" 

'&M: ^fftlUeS*, fPr[M(x)e5*] = l. fiiSxeS*. »! = /», W$fe^l/(/ + l), 

def r i , sin 

^ ^ w r = [ log 2 \R (x)p + lo ± 1? i m = m x W]\nlR!>> %t T i£j <3 i& # fft h e //” , i+ # ^ ^ 

def , 

/? t (jc) = (y£/?(x);A(y) = 0") + RW—^TG* M«*TR. t5fe, *IJffl#3rlCg, ft SI 

S, Pr M »,-.[*W=»"]- 2 Pr ,[*(*)=*(*)=«"’] 

^e/?(.r) 7 y ] <y 2 eR(x) 1 

»aPr teflr [|^(x)|>l]tt±RA 

2, *„*.[*<*)-*(*)=#'] 

y]<y 2 eR{x) 

aa-aW+JHB, w 

p w-D /f * <j; )l =, 3 

=V-D /i ‘ (,:) i >0 ]“ ,> W-D fi *H>i] 

2.vN - "']- 2 ' 2 p w.[*W-‘W-®'] 


yeR(x) 


V) <y 2 eR(x) 


= |/? (jc)| • 2~ m ’ -2 


f 


V 


\ R i x )\ 

2 




/ 


•2 


-2m, 


& + ^ftaSfce^WWSfcfctt. 2 m '" 2 < |3?(x)| ^ 2 m ' f ‘ l , w 

Pr ..»,- 0** Ml *'] 55 ,„?£„> - 7) > j 

Jtk, Pr[M(x)eUS s ]^l/(8(/ + l)) . £3gftijE. 
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6.29 MW SAT jtbitt, 

Hash 6.38» 

S# 

£ii 6.29 w e Hjj m m ^ n gj $ m ffl *§ £■, K-'i'Msy s ftW w np-uem^, *'. 

±®^3*&ffi3*tfRljili? (sKS R ) fijjfctf' (sK(us fi .,S«-)) Wi*—iPfilJSW^Sl—lffi#l!Q^Io 

m—WHt-P|ol®W^SiJ-0*^o^^±.®S6.29 

^nTi/?'S'J R ([tifxSffr^iiFJo fSig£P±ift0J, 

£ SAT NIS4 1 . i£» 

£fl 6.29 W^-#iiE0J 

&#: tfume.n \rn^ (Mitl50 agWMH^T. tfffifejceS*, 

!$[/ e [/], '(J^iH'ra {y e 7? (jc) :/»(*) = 0'| (#RM^W 100 ^70^) K)Ht^ (^ 

^/7e//;w^#) Hiifc, raiiWiepk//;, 

&SrS!!^ WJB&r. (M£3 j 100^) 

W “ Jt: ” ^#ij» fjffl —( $P|iJiS 6.32 'fWS^J). ( 

&40 (OTjaM6.39)„ 


6.2.4 

£ttifc-B»rfi«m-jrr«lfi, *t^- 

M^^fxixiJcfj-^Po m, iEtamnmmfm, mt 

3$, tti^^Bj^P, (“*&4g£rit w ) M3¥i£-£Jilffi#Ufo. 

ifeyc+W^. ^AiSIHiaWW^IK*, SESiJSfiiSW (£Kg> 

SJKW0r*l^. ® 

££6.30 (i$$3£|£) TSiReTC, S R ={x:|.ff(x)|^l}, #i8n*JK*ilifg. 

(1) «?nRTl¥^ l»Axe5 # , ^7C*. UK 

#®Hi— ici^T. Pr[n(x)e«(x)]^l/2 , jf *T ft jg .y e *(jc) , W 

Pr[n(jc) = | n(jc) e /?(jc)] = 1/|/?(jc)| . 

(2) 3tf s : N -> [0,1], TO nfA¥ R M (l -s) M ft IS. £P Jg*f ^ & A X e 5 fi , n (x) 

/?(*) W*9^35i“^Jiff(|jt|) W®o 

TO—f&tt, £±i£W#1fi514^B:£^JceS R fcf, Pr[n(x)=dL] = l. M~J&J&, iTO 

a*: nn cm-TO> 


® a.g= ffsufe. ftt*»=«3!T. Kftftsua 

SW^^D<J«3,4}TbJ^#5-7j 2 hJi %±)t}S}ftl6t(l. 

® WWS D.I.I. 
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. '■a' 


6.2.4. 1 ^'PvEWTttTWg&M MS. 6.2A.2 

W PCtffiiif#. fijffl NP Ms teJ3u7—11' U&]$] £ tii. M mU&TJrh o 3Arfff. 

ft.#; NP-5r^ N H fft ii-i ; ± )j£ |'dj 31 oT lit PUJL±tk !/3 ^ I'd] S ^ J] ( jj!c #M r M WH£P\xLWl^-)o 

6.2.4.1 

MISSED, *t-f PC /?. 5 R MS t£i\-% 

def 

]/rT^ r f r wjai^^i^.^i'dj^, Mwm, M^m&R'(x-, y ') = { y "-.(x, y y)&R) mmm^i 

R' e TC, oTW® R, -It- 4 1 Eld R' 31 R g> # 

—^nTi^^Cit^W-R&IH'. #^(g(A:),7)egH!fc^^^(jc^(A:,^))eg' (BP/»nJWSi^i+ 

fi//(x,-)*g(g(x))SiJg'(x)W-R^M)o l±S^fe^±WJiH, HMHS&*J/rrW *, W 

|g(x)|^|jr|. ®&£: XHH*F£liSM«SMS*, WPftin 

(E>J^2.30) o MiNlSAT^ 

hekms (ja^i®6.40), MaiwmT^ife^^NP-^Hjgtfeia 

£3 6.31 RReTC, l W|>>|^/(H)o ffii£/?'nm 

def / . 

, JSlti'f-tltk!l3^^J /?. R'(x\ y ') = {_y* :(x,j/y") e /?} , fllJW 

(1) li i£ ftt it ISC flJ i£ iU. #J 4 )$, o ^ s(n) = l/5/(n) , # 4“ ® //: N ->(0,1) & 

//(»)^exp(-poly (/»)), W'J /? W(l-/y)-ja^J^4^nJWM^^^^Htl'B]rt!)3^SiJ#/?fi<J 
(l-£r)-i£#U+2&= 

(2) :N —>(0,1) (BP*HfE® n, 

e{n)^ l/poly(w) ), #R FKj (1 -£•) i!rftUtiS[ |bJ ft) !lE]gj%) R ftt (1 - e') 

^4 ) s’(n) = s(n)/7l(n )» 

&is±, s—atfH&jsfcfc. 

ft*: ( bp ^) a#prp m pjpj wit m m man 

(BP £ ) iP^^T-ififW±&^l 4 /S^i£rM® (BP *' ), (BP 

nJ3M±t!iffi*t«M)o IDJSiitif^fSHfclQ^TWNP-^fplja, itl U il mm Si 6J L^l ^ (£ 

53^6.34), M. ^T^NP-^RS. ^16.31+Mffl. NP-^fd]®M S , 

6 . 42)0 

ffiBJ: & 7 E in IS i£, MR ( R{x)*0R 

R(x)^{ 0,1} /(W) o 


CD Et.e= F. 4-W«1£JSMf W«d>M. «,*«. 6.31 iJRIWWifc. 

© 4Cd<W««±?f|*| **cA<Ha«l:#. iitt* J--d'K®. «(&•*» 

£:N-»(0,1), #£(|g(jr)|)^f(W) . 

® #^±. i^^i£Mr|-«[|i>I@l!|!UH(«gKI®^itfe«c||!T£a6.31 (JnL#-4dtitt[l68]1' 11.3.1 tf&#^£itt[13lp. 
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itmim. 


gtf#, R i^%#R Wjfi'(W'Ci)o Xt'FiuA 

jc eS K , 3StbWlfclffitn.^j8*&^ ftJptf)yeR(x) . TMtr&'ft. % i &j£ftM$&A^—-'h(/-l) 

ttttiAl'Kj# y '> $l5LR'(x;y') = [y" :(x,y'y")e /?} WH^|/?'(x;_y'l)|/|^'(x;/)| % i ttRAA 

1, y.tt^l-|/?'(x;yi)|/|i?'(x;/)|g^^J Oo ^VJMfflR'= [{{x\y'),y"):{x,yY)&R^&TC3\ R 
Mffgf-ffcjSM g ^^PJ|/?'(x;yi)|fO|^'(x;y)| o 

|y?'(x;_y')|o &&&&&&%#r, wMWSsiftifcap mn^ 

t& 1R ( jc) ±J$ A) ft ft M / («) - tt# $). <S Ji Etl 7 R t&W IrI # * MifitoM g, m m # £ 

a±&M&tiS5te*hfP9l. 

ft 55 to BE W ■£ ft 3 fcO oj z, w 

Pr[/i(z)e(l±£ , («))-#/?(z)] > 1 -//'(|z|) , M'{n) = //(«)//(«). , tt&l& 

£BS#LBEeM OtmUHz) Jg^M5fif#i?(z)Mttttto*±46E(aiMto¥ (ft*: 
ttteMttixftiy’, # 

^(g(^yo)) + ^(g(x,/l))^ /l(g(x;/)) (6.10) 

5£to«5Sto4 us NlU8L-t” R) fclEflIM. BPXtft* 

y e {0,l} /(1 ^ , W 

4{g(x;y)) =!- (x,.y)e/? 

^(g( jc ;> ; )) = 0 ’ Sflfc 
mg+wi / jw&^atftoefe. &#s»Afc (/-1) -«wiy w, ^g 

(x;y'cr))/ A(g(x;y'))jgM i btW%) cr e {0,1} , (BPl-(^(g (x;/0))/ ,4(g(x; 

>')))-(^(g(*;yi))/^(g(*;y)))) ft#l 0MMU-). «±, it (6.10) UisETfs— 

aw, 1. fciStt (BP3!/(|x|)&), A!H*tfj£/£ 

w/(H)-tt«p$. @iit, K^it (6.io) MX. (^%Aiato*^to^ffiMfRia), 

y = cr { a 2 ■ ■ ■ e/?(x) 

^(g( J j g i)) ^(g(*;g|g 2 )) A (s( x '^ a 2- a ',\ z \)) 

A(g(x-,A)) A(g(x-,cr i )) /l|g(x;cr 1 < 7 2 ---cr /i _ 1 )j 

4it (6.11) W£P, ±MM7l/^(g(x;/l))» 0iit, ±5£iia$toMi»ffl*(x) + M^ 

7tm, AAM. 5StoM£JSR*&«aitiJ#±toMfc* 

(&X^7|T?(x)|//f(g(x;,l)))o R^it (6.11) rift*, |E!lS±i&gJ¥$fiJM1#5£ia 

-l^(g(x;,l))*h 0TW^*fI§PnTW “«&”» 


( 6 . 11 ) 


MSfftit (6.10) fPit (6.11) M&JJt. &£%it (6.11) B^t» (^(x.j^e R ) 


© a&= (ni.®.»sw) « m ft - £ jg m & 3$ v ft i«r to s: *. 53 ft, 
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su At Kem+'t *j n tfc 


A(g(x,y)) o 1 S^5^(6.10), %A%mm A'(x,y') - (1 + ff(|jf|)) * ’ ' ’’'' • A(g(x;y')) 

w3M(g(*,y ))*£«. MJij^(g(x,y))=(i±f(H))-|/?'(^y)|' w 

A'(x,y') > (l + ff(|jc|)) 3(,(WHv|) • (l -*(|*|)) • |/?'(*;/)| 

A'(x,y'<r) < (l + *(|x|)) 3(/(WHj ' H) • (l -ff (1*1)) • |ft (*;yo-)| 

fOffl(l-f(|x|))-(l + f(|x|)) 3 >(l + £(|x|))‘i'TiiE 0 iiira' (it (6.10)) 

nft $j ft # ifi W $E ^ \R’(x-,X)\/A\x,x) , KTI1 

(i+£(|x|))' (3/(hh) >i/ 2 , (bp*(«)=i/ 5/(»)) w*. mis, mtA 

|y|^^4-#sy^'fiffle<j^(g(^y)){to ^r^aiR^w**, mw (ftifi|y|&i£f-w 

m-mftmvEo 

ftvEWWi-fflft, n'kmmmR (««) *tttiA 


xes R , & « 

M tt#$y, ^^/?'(x;y) d ={y : ( x ,yy) e ^}^$ 0 ftffl / iffiil 

ft /?'(*;y) f& it M -t- i( |ji'(*;y 0 )|/|/?'(jr;y)| fp 

|/?'(*;yi)|/|/?'(jc;y)| BPft^'(jr,y)±W±a^4tft4 , 3ft# poly(|x|/ff'(|*|))&, Lt® 

sip^is^M^Aff'(|*|). &M«fnf#iy7*tAft 1/3 

W±i£W75m:t- (sic1/3) Miaflm7*i±3*'(|*|)Mffl£ififl*. «_t, *t 

(fznA71/3) HP nr. ftT-fc 

m<x^, ifi]y t^Jiq^/ST-a^swtk#. imi, fg & uurm ?y 7 m n 

* 0 (y) *|/?'(* ; yo)|/|/?'(x ; y)| r a, (y) * |ft(* ; yi)|/|ft(* ; y)|, fri^ayyjx^y), syisjy + 

i^iPtfc# 1, ^PJ, j^JPOo MIS, ^%3\^iy = cr x a 1 ---a lU Mm(x,y)eR^ , i, i5ft 

% (■ k )' 1 * • % 0)"' 1 *'■'• % W) ( CT i c V"ft (WH ) (6.13) 

f i, W a (<t,ct 2 • • •cr,.,) = (l ± 3ff'(|*|)) • . 

\R (x;o-,o- 2 -cr M )| 

atk0t^)(t/?'^yift^is#) oxwiiasy /? wie^e 
gj g wic&m, ^^^ft^ft/? , (^y) r ti$iyi^#0t. ^ftni^g^y))*^ 

it, mm g %^mmi'p&-WL^U\mm^MnR\x-y')^mm^7t%. mis, &. 


© W*h ttSfl. di i' Ait -^(i-f) , c > 1 1 
^(r)e(2/3,4/3) , WWPSfc.EAA 1. 


M'l#/?'(z) = 0*angfr* : 4(z) = 0. iG-fi. ill i £ < 1/3 . $n*#fl’(z)=l. DM 
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ii r/u&ft 


fflimMmaTe'o Sith, w 


R , (x;ct ] <j 2 •••cr 


m^^)-(^ , (h)) 1 ;.-;:„4 


urn 


'0*0 r 

n (iite'd* 

/-I V 


R'(x\Gy<J 2 •••CT 


/?'(x;<t,<t 2 ■ *<t 


hJ 

0 


(6.14) 


iTff & 1"il¥ ^ i!S £ £ o aia, it (6.14) ^T(l±6A(|x|))" ,<W) -|^(jc)| , * lj ffl 
(l + 6f'(|;c|)) ^ ^ <z(l ±£(|xj)) Oft e' = e/7l f&AL), 1^ —nl^f^ilEo ■ 

6.2.4.2 —' 

wpMm am^MPNP-^±i^m, Morass*), 

(mxiK^ms R m^pk^ j^a 

S 6 . 2 . 4.1 uwwmt, m^j 

mnmwkim Hash mm, u ifc&TOW Hash mmm^wm “±^M” (jaw 

ip; D.2.3 )o MMfo, iTtl'kiL#-) Hash Ml£, \% l tkMlM'J % m 4 1 / /? 

mmmapi. sp^^Hash mmmm&^mD.e, m±, m^m 

mm{o,\)'ftWi2 m &, rfo^ia d. 6 wnm. a ^mr * * 

#Phruui5>#ijjsW^-f^'&^ s ^^\s\i2 m ^-jtm^ #5y±4. ^^\s\=&(i-2 m ), 

'S'^ - ^ w ^i0(i)^7tMo m&'Pmm^Miip h™, (#n 

W^ D.2.1 W^^JiOo 

Pimr gfei5=^). tam&^&wffi&, mn^mmwAmfetp-Vi, 

Mils, TFrj$mJ{±l^— 

wwpjiisisw '^unEj^mm^TtMeGsmmm 

ffiiaj (bp 2~ m ■ p), eUpm-ib^rnTtm^m* 

fii£. tm^£WWM3tp*± 

def, 

$Jia 6.32 (Ag Hit,) JftJPtsuA x %U m’ x e [m x ,m x + 1} , m x = [log, |/?( jc)| , H 

/?(x)e{0,l} / , lHgt/liSfr £nT$;f£ = 


> /ft?*- 
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au$f Kftiti'jiHa 


( 1 ) M &*&Em = max(o,<-log 2 40/)#i$^j&# 

h e H™ o i£g| M^ 7 # {0,1}' ^t'J 2 m W—#ic'J4)“®. JIM#M#—{STS,# ft) R(x) 4* 


TT* -^- 


7UM'\ 


(6.15) 


£n F: 

S* 1 ,// = {(x\A\l'):3v, ®!#|{.>’: (*',;>) e/? a h'(y) = v}|^/} 

= |(y, ti, r): 3V, y x ,y 2 ,{£# y / [ ' 1 ( x\ti, v,j>,, y 2 ,•••, y ,)} 

-Jt l 7 i//^(x',h\v,y ] ,y 2 ,---,y l ) l& ±L ^ ii iX S y, <>>2 <-"<y t -i- XJ {£ M )£[(] , W 

(x'j ; )e/iAA , ()'y) = vi jijR: S^ H &!NT„ 

(BP##-^#, 120 /^7cff), WJff 

#L#$futB ±, M, h Mtmifo iitftf, 120 / 

^ 76 ^ ( BPXtfiLlS ve { 0 ,l} m , W|{>':(x:,>')e/? a/;(>’) = v} ^ 120 / )<, 

TOfiHiEto. (x^l' 20 '*')*^ . 

( 2 ) «±^Mve{ 0 ,l} m # 

. \ def I 

MUtlfoMn F NP-IH s v = {y:(x,y)e R Ah(y) = v}| , BP 

def 

•Sr 2 )/ = {{x',h',v,\'Y3y^y :i ,---,y,^M\i/ ( ' [) (x',h',v',y^y 2 ,---,y l )] ) (6.16) 

nmt, m i= i, 2 ,---,i 2 o/. 

H:F / {to 

def 

NP-^SlSj^ = |{^:(x,y) g/? a/?(> > ) = v} , BP 

S RM = {{x',h',v',\',j'):3yi,y 2 ,---,yffi%y/ { ' i) (x',h',v',yi,y 2 ,---,y,,j'^ (6.17) 

& + v {i) {x',h',v,y x ,y 2 ,---,y t ,j)f&\L^&$L'^y/ ( ' ) (x',h',v',y x ,y 2 ,---,y l )$LtL, 5. y t ,y 2 ,■■■,y, 4 1 

1 . M=Wtfo, ttTj\=i,2,--,s v Rj 2 =l,2,-,i, ^ftii 6 iN(x,A,v,i*',( 7 l -i)-/+y 2 )jfe 
Vifeyj, £€. £Ws,2J§, M 1 / 120 /»m^h.yes;, ^Rij, 

1 (BPLUMl-(s v /120/))„ 

£M: ^^\R(x)\ = f}(l)\iXRm = m’-\og 2 40l, 3lil D.6 MtJ WI&tfMifcttt# (.MT 
heHfffy i&#) W: ^7'^'^{>':(x,>-)e/?A/2(3;) = v} W^^j(l±0.5)|/?(x)|/2 m o Silt, &ffl§ 

|/?(x)|=o(/) wi#a, £^@ 6 . 41 , 


® 7j7$UlHSAj£fc, m =0 IWh®. auJttAT/ilffi. jttM. H, 'l'W0f^‘ Hash Bft{0,1}' iclft 0° . 

ifn£X7*l{0,i}' <B|J #*»-«)■). 
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JB&, frW¥&^&M\R{x)\ = o(l) WliJfK iif, UdHttSM ra£qT*£ifeo 

^j@6.33 Fji£6.32®?&7 V? 

SEBJi: M±, ^313 D.6 (\iX& m MB). h e ///" ^ /?(*) ftj 

^•*2 m 'f&, M‘F7Gl?''Hfc7iM 120/, *7 

w = max |o,/m/ — log, 40/j, i§t%J® m x > log 2 40/ fft'lit M( fife'll n'J5L F, |/?(x)| ^ 2 mi +l ^ 80/ ), 

lltw. da *f I S D.6 ( FJffl £- = 0.5 \ilR m = m x -log 2 40/^ log 2 |/?(x)|-log 2 20/ 
m «S log, |/?(jc)|-log 2 (5//ff 2 ) ))> ^''F^n' {^(x,^) e R a h(y) = v} (1 ±0.5)|/?(x)|/2" 1 

mn i^o ^jfflw;>(iog,|/?(x)|)-i m.&/w=m/-iog 2 4o/), w|/?(x)|/2 m <8o/, 

fftT 1 /?(*) 76ti 120 / ^Ftu^o 3711 ft ,11 fft 11 > FJffl w/^(iog 2 |/?(x)|) + i, W 

\R(x)\l2 m ^201 , 10/^76^, 

M«±£ h /?(*) 6<j*J 

120/^tu^, faa#7K> h^if 

(BP 1/120/), KM, 7IF17#lM3Sl7tl?7K£*!i;;*:, 0*3£ 

amm±) mmm , kfmi, insm-^w#i, Mm 

H7M/?(x)ft£7^mM$^7&77lfcM^7tlS (BP|/?(x)|/2 m ) 120/, 

m>0 i$Lm= 0), W|/?(*)|/2 m =5 20/ (gc|/?(x)| ^ 1 ), £3&#'|fJ£T, litfi/?(*)'F 

1/6 (^c|/?(x)|/i2o/), mjim. #ftftm-7iffjiMMFri7& 

■&W, AMfij71ifF/?(x)ft^77;f?M¥M7;*j0.99-min((|/?(x)|)/120/,(l/6)). ■ 

im 

^ 3 t 6.32 mmtviMmMi&nm&w. am m =o, ittut, m 3 

S, (3£7/?(*)) 

aafigiiffl^igc/F, 

|lja 6.32 Ji “Hash j&ffl W 


#»JJS, m&6.32PJr^, 

7i&/wgP7 M?s^^ma#WHashii^[ft, 

£±, fitflUfcMSf+ffiii (Bp^iW&^lfc^MfF) wmc%i$o 


*iai 


#lf§/7—7 




6.2 + 6.20), 6.2 1**£ft7 

mn &tRi 7 ra 
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$ 6 £ BfiMtt'iii a 


III li 


tHA**4*KJJi, WAM^lM'JA ( fffl^i4i-&) SlAfsAlWAiM. 

^aW^^WW^+SiattiWS^fRia^RiR^IA. a*fplB± 

ft ffl A A ft ft I'a] IS 4a ft 'M I'm] m A A . £HSfiS4H8 

WAi^A-ft/fA ®IfJ140 i ij £N ® o 

% —- / M5 I J"F': 

45£ft Solovay 4U Strassen 3¥v4 |2n 'li!.,$. Rabin ^f , i |l84| uH5JS.4 r ' 20 ttt£d 70 i£Mft!f4£^ 

m, mm^m- co'rt m 

mV (ftit 6.4 M.Blum AftJltB, '£Rij£0E1St&[£lJft«A 2??)o 20 ttftd 

80 Adleman 4P Huang [21 ilPJO7MftftM7 PP (JAMtillSA ZPP). 21 tttfBlO 

Agrawak Kay a I fil Saxena'ftiHftTAA^ ftA'y ft A444'.)r4T' P47 S4i]ft iM4* fi'J je, 

#£±, ^-4F^W?SAM^0J«^J^MT P-^s pJW#% Miller ftH$ftl7& n66] . 

Riemann fix'®*, 

fto 6.12 ftAleliunas, Karp^ Lipton^ Lovcisz 4U RackofA'Slfli» it.®: 
%—25 (£5.2.4 U^##3ti^[190])o 

I 




(M&*irft4H87 —®&jb). 

W®M£, 3® 6.17 ftSlIiJWitSmA 
(£##^ti^[i34])o 

BiT±a3tWf. ft«**#J*NB3£fflrt, i3g§; 

B.l £sSc^^3tlfe>t[l6804 3 12.4 TiR 

10.2 if]), (iw#%ift)t[24]fiE#%s:Sfc[i68]ft$ 

i4*p. DMfOJiitB, Mft®ftAftM7ltaJm, ($n##^t^[i68] 

ftSSll*]). SP#«i$[168]o 

fi^nJWiiEfljO, (£pH 9 *, 10.1.2 H f4, mM c 

umrnD.3), f0-4-^Afd]®^M^^4ij^N® c B, mtmM'Fm&mM* mimm 

Mia, ACHFiiS PPP=P4n ppp=£ 0 

ft*: ma, ft *- 7 - 

a a 114 1 ft w bs #1 n ?i arwffOA a 04 ft w m ft im a m m, m 7 a ffl -aa a 14 ft 

M 'BTTmffilWft 

SPP=?6<]iS«^M WiliS, 
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il Btt&tt 


8.3 it ib^ife). spy^s 

—*X&#M££ifc. £P 2?? c P/poly PPP cP/S. ftm£S 6.9 MilE^MT 

Lautemann WiEBJM [I501 . Sipser (KD £tti 7 £-#*|5| I&M&I5 12071 . 

(JE^S6.27ff F.2)o 

jJttSfflllWfMl 

s 6.i4 »j3js 6.i5). sMn&tb, 

BMisj|:tti»rfTtt 

ap&-i«js, s^8»pf^D.4^tHT^iwm*. sms#, «ii 

ss^ump. 

nm#Bt5c£ (JffSfcW) iBStltt (JSL 8.3 IJ^P 8.4 tOo M D.4 pJliUT— 

x&vs&m'&tiLm. 


i+ r°] n 


;+«#pmp vaiiam &p 4 [2301 , mminn o/i mm 

(E|J^a 6.20)o SffiM. A Cook M NP-^^NjSM^IAffiltt 1581 , Valiant M#Uj2M5£ 

6.20 stMf valiant m£X. [2i0] mnfe&)-mn% 
jSK[3ip. ^h-gg 6.21 u mm” *p&Agp |2301 , m 

S 6.3 PM^M^S1JSP#««[31]. ifrl£6.22 WiiEiBUfe$P#%:Stitt[31] (OT 
MS T). MPPfUteitNM. ffl®i+ NISMM 

i&itoftfi. 

SlESP&iiPJ, Toda^Si t220| WiEBj, M»t§ P^P^Pi^^S 

WCook-!)3^5iJ#P(iP^a6.16)» Pft^F.l 4>W—gpBipPSPMS 

^uEBj^prj*Lp##3ti^[136,212,220]. 

iS®ti-»£=fS*P>)*I 

#P mm&Wffo Stockmeyer l2141 gp Sipser MM’ 2071 Mil P. $titl 
hSSrMM. MP$ ynt—#?|H]JHWIffi#lJ0^* Valiant *P Vazirani £f! |233) . ffifDtfjIfc 

atjfflMS^fPPio 

j£iMttitifcA^^P.l&|0]fltl ( JAL 6.2.4.1 p) ft] Jerrum, Valiant Vazirani 1132 '^f£, M 

(.is (JSL##;£iSiR[l68]p 11.3.1 

TI])). ^^JEftWJLSc^fe (JAL 6.2.4.2 u) 3^g#%X®t[28]. 

6.2.2.1 p-WrtS^#S#SS^[140]WS51}i±, &i&8^ffiM&#J&#:%£ltt[131], J£ 
PHtB7-PM£J*iWfBlJI'/£, ffiPttJMEfltfgftMStfaa. SP«AWJm*P-P 
M = jgij cmm) M7IMP$M6DS®#feM, nm 

JS©#?§^P&l$Artol^##». S#±lfe, Mfn/v/’SWRS-J5!P[5], iiiSMltttl:^ 
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$6#' gftflltt 'iil» 


mm & i. *§iw#£#ffc. 

j^o Silk, %j®^^ijM 0 ,M,.---,A/, «M, £ 

4^ m 0 %± i %\l^¥ %^m m feMt&n, %m,$]%:— mMvi—^miSL I M 

fcMmfcWM, Hitt, Efe M, 

sb. aratb. lo.i.i ^iittT^^N^MWNawAbai^. mwm, msfcim 

M Ngufft) —^tfijxitf, AleAftfMffi (BP#7?(x)) fftlfifeUl, MM® fill? MM 

{t (BP^fiMye^x) ), g+^MfSEb-^fifl&M^JSCo 


f£ 


-1" 


6.1 MMUMM C&mfc) fi&iiMfc# 

6.2 (Kfi|IL!l3^J) ^6.1 uE0g$PT^pi-feo 

■&: ^n'^Ml’gJ^Bt. iM^f-iyAx, ^ll?^&n£WM4>l-//(|x|)MM^$il-B— 

n^: . 

(3) iJEMfllM Karp-^M^WfAiiM, # W M. 'I 1 *# ?lj W £ m A R-| |b] 03 M (ft# M . 

(Karp *0 Cook) 03M, 

Ham. at: 

6.3 (> & 6 - L2 

k _ . def 

|s]#Vi .4 p, WWT^pi^plcxL: jftfisreS,, = {z:H(z)?t^} . ^PiS: >> e/?(x) fj£f# 

Pr[,4(x) = >»] > 0.5 + (l/p(|x|)). (fnXtft.e: x g S R , W Pr[/4(x)=±] > 0.5 + (l//?(|x|)) <» 

(1) iiBg#£—- r° 

tl/F: J4 LAI/e§ 6.4 

(2) (lEfi/fl) H?W^il0.5 + (l//7(|x|))^M$lHilW^'tto Mfiife, $U$ 
K ft ffi 5# ft M xsS R , W Pr[4(x)e/?(x)]>0.5 + (l/p(|x|)) (I^ffIr«S { , W 
p r [/i(x)=i]>o.5+(i/p(|x|))), 

&M-. #^—feg&RmTTc. «t, mReTcni, TO#^x«s a «d>$&««E 

*. Mrs5 # lEM KPMtfJEA 

6.4 ( SP3>HSW#^«gJi) *U:N->[0,1], feX 'BTM ft Wig 

ilc_hP§£uE0^WTffi y M$rlifo 
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iir/u*n 


(1) ^tJE^M/)Sf(n) = (l/2)-(l//>(n)). 'BTTM^T “BTT 

( 2 ) R£(n) = 2~ p{n) , 'BTTm^ r ETT c m. 

^7F: #jE g-air&a, ^tmx, mAm&t(\x\) 

Ik, mmZWiWM* ^t(n) = o(p(n) 2 y #M Chebyshev Wig. M. 

nP^, ■§■ t(n) = 0(p(n)) , Chemoff !?•« 

6.5 ( PP#|ftf|iI*tM) *tp:N->[0,l]. £.$t^ftI5#§ RP p : 

ig H't |h] W- v£ A, ttfDtttl; xe5 , W Pr[/l(x) = l] ^/t?(|x|) , M W H: # x £ S . W 
Pr[4(x) = 0] = l , PJij5ii^ RT p m, MWTW40fr = 


PI o 


(1) xtm+iE2m£p. rtup^t nTm .. 

(2) KT^T- P.P p 3£, p(n) = \-2 - p{n) . 

H^: “sEM” (MM atf^lj^o 

6.6 (2PP) Jtf^prN->[0,1], £jS^J5£i5|S3S ZPP,: £n|l#£» 

/!> 'ffifUW'fiM x, W Pr[/4(x) = ^(x)] ^ p(|x|) E. Pr[/4(x) e {^ s (x),l}] = 1 > 
OT^xeSEE. Zs(*) = 1- WPJ, / r s (x) = 0, ]H!| S ZPP„ #§o 

(1) zTT^mM^zTTm. 

(2) W^KE^ig/J, ZTTmZrE- ZTT p $i, W p(n) = \-2- p(n] . 

6.7 (zpp S ^£fflSMft$£®5gi#E]rt3fcJI¥, - in* 

<£*#*M£iixe{0,l}’ , WPr[i4(x) = * s (x)] = lJ.,4(x)Mffl 

Mi£iT#mmmg% /?(|x|)o 

M75: MilSfflZPP-jm. 

5£WM4¥i£. £—3fffi, 2 fg, 

WJ«F&**r (#«irdi±). zpp-#&. 

6.8 MWMSe JNP, #£—4«E*£ JfiEW ^ . teftWttft xeS 

Pr[/l(x) = l] > 0 , M^MxgS, W Pr[/l(x) = 0] = 1 0 iilMift, AMT “M” JMfgi* 

»M£An-exp(-poly(|x|)), MW “&” Hilfc, WMMiAA; -WP^W 

6.9 4- ppp *n coWP%m%i®i&& (£n^JS 6 . 9)0 

(1) M l}eP, MWja^£«ia®«WI®ttKaip- 

!S^(o 

(2) ffi0J3M-4#S PTWa^ilfe Karp-jia^jflJ TIP (sK coPP), PJlJSePP (sg 
S e coPPA 

6.10 ( 6 . 4 ) 

M<m. MUiPiiraWBfittttS^JS+iiiP—40^o(io g (i/<y)). D. 4 . 1.3 

rrnimrn 

0(r) + 1.5log 2 (l/<y)BPpr. ft*: S%ltflJT^^^a6.9iIHli4 I i^H^ttMSWfi^o 
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$6$ ffifllffc'/il-R 


6.11 6.9 iff 0J + fKj . % i& # i£ ® S n'=(n^,n: 0 ), ii£ 

n; es = j(x,r'): |r'| = />'(|x|) a (vr* € {0,l} M )i4'(x,/V) = l} , M; o = {(x,r') :x«5). 


*• ^ Pr . e{ o..) 2 "CN) l A '( x ’ r ) * K M] < 2 ' (p(H)+,) . 

(1) vEW X ^ 5 S|n'M$M4$tiSB8#l Karp-!££<J, 

lo ll p ^ 

I u ’ ' ±tis*3fr*i. 

(2) ffiWn'JR^i^HJH^ScolRy. 

6.12 (/WPftPimJK*). (^^f&PJT :MPlfl±gBS 

(1) Se^j4 (l) , F, xeS . #£ 

j/e{0,l} po,y(W) , ^Pr[K(x,^) = l]^l/2, W Pr[F(x,j>) = 0] = 1 . 

(2) SeMA (2) , F, xeS, ## 

>> e {0,l} poly ^ , Pr[F(x,.y) = l] ^ 2/3 , x e 5 W Pr[F(x,>>) = 0] 2* 2/3 „ 

ffi0J3: MJA il) =MP, m MJA {2 ) =MJAo 

*WNP-I«). jtf&nau#, Sffl^l6.9 MtiEWSS, jf-& M PJ--M$& PfPJ (& 
iE#<$ffl W ) nl \>XH SiiE m #£til M. 

6.13 ( 'BTT czZTT» T )mfem 6.9 I'fiM, $j£— PTT $ij NP 

m'-i, &* W\ m w #§ sp £ fa m m n & ® s m *_ 

$176: a s = (s,,s 2 ,---,s m ) . <J e {0,1} , tH fuj 

(x,<r,s), Mrt&M r, Wv,.(^(x,r©5,) = cr), M (coNP) H 


t I o 


:siidicr^s.a^tDiPi(x ) o-,s)MM#^w, wjm. mm± (Mm^oi®w®m 


EJ. 

At 


)o 

6.14 (BPPWfc«JK*W^tt) itn 

£ (ii^SWSSt^®) Karp-®^T 

m*: “M” 2/3 ad^ 

# “$” 2/3 

a 2.21 iEW+ff^itWie^. 'hBPP-Jffe. 

6.15 ( BPtime- 4^fr^JUSlAEa) ^paii BPtimeW'R^ffTE i3 

RtmaisiHiS). 4.3 io?ia 4.4 rngte. 

i§7K ( & Dieter van Melkebeek ffj ): /SfflAES 4.6 iiEBJ K) “Mi ^j/£> 

ifij-iP/gf! 4.3 mum-fem 4.6 wm, x4^^ae{o,i}, ipm 

Pr[A/'(x) = <r] ^ 2/3 , M'J aE- X A M (x) = a , -?? ® , ai! X A u (x) =L ( BP ^ 
l/3<Pr[A/'(x) = l]<2/3 Btf), -Kl 3 A/'(x) A/(x) ftj ftf /, (|x|) Wit#o ^j' 

x e [a M ,/? M -1] , ^ /(x) = a! m (x + 1) , ^ I 3 /(x) =± W # Ik x 
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iifruftn 


© 


A M (a M ) = 0, m*LXf{P M ) = \, ?iPJ. feXf(P M ) = 0 am%A M (a M )e {1,1} \ ft*: 
tU%%xe[a M ,p M W#.3fK+#, MMS * = /?„ Steffi A/'(a M ) 

mu wJ^( 5 fit/l|n] 0 (r, (|jc|h- l)) -^( A ) „ /, P* 9 it#. ft 

* m P M 8t £ m . ( ip /(x)e{0,l} ), to* 

A, (*) = /(*)’ M/(*-!) = 4* O'M 0 * 1 } • 

6.16 («M*ittt¥3nig) MtoTti^wi£-AM««0toWft, 

t$M$CP %ntl P &s, ^-'fkT&MM&r 2 ^(mod/ 5 ) fK) r« 

(1) iE 0/3 to * P = 3 (mod4) , PJ s (/>+,,/4 modP (mod/ 5 ) ftj—i'-TOISo 

(2) ft*: e, M/H|(modP). «±, toUS^H 

e, PJm"W^Liis (c+ ' )/2 modP (£fg-I^A, e = (P-l)/2 , 'Nfrjft, EA 

P = 3 (mod4) ). 

S=S e+ Y =( 5 (e+1)/2 / /2 ) 2 . 

(3) 1&feM$kP = l(mod4), 5. t (B[J 

,(p-iV 2 =_i ( m odP)), M3! 2 ftj e fP e'f>J WrSJ'^ife^S'J 

(4) iEBJ3*t*f?$( P, -^^ISS5( e {l,2,-,P} f (M)/2 = -1 (mod P) M$| 1/2. 

ft*: MJ.A^P-l(mod4)fl«itiS^ttffl. 

6.17 (jALPft^B.3) lE^wT^j^NSJaf coup-. 

M*: ft*: 

6.18 <*srai*mHM§ >* 3 * 4 . 7 +. ft3taj-£8S;M 

“rf ^” 2jgf?it, (#^jf) -+rajgw <*ft) it^Rrp£ 

/AM (^MFP) ft*: 

+ *373iA n. ££* /I 

0(1) + log 2 n *HMB^13M*laft-+ (BfifllM) it^SS, 

#W$l'B]Bt, JM*±tk, Waft—+ (Bfi#l) 3¥ft, tfTifA n, 

o(i)+io g2 ncuiso(#»)wntfii), &%ihwmMrYn j %Zfsff±' ii 

BJ®it^^ft^t±ifi<]rf^lS(»©.^2"-*|P2'' + *^i0jH^, Kl^i-r w W$M. 

M*: S*±I^II0to «&&iftflS£W^aft& n tt# (BPffitflftn &BEH5), to 

*0rWtt#fPAl PJiA^^j&ijj. ft*: 

fB]o(i)+io g2 «rt^a Silt, «#c£t&j*:s&M 


® ki (/’-l)/2 = (2y 0 + I)-2* , i* 2 *^ 2 '" s 1 (mod P) . i£4~3H4nm' r J/& jOa+'BV 2 ^ 1 ' 2 '" = I (mod/ 5 ) /' >;> 0 

&f, ft pW = 1 (mod P) . iJi Iffl 4U H He fJ/'> i -1 «/, tt# J (2A "'P V 3 ^' *l(mod/>) (M* s * (1 **'> 3 ’" 

,(v*ik 1 _ ±l ( mod p) s _,( mod p))„ 
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it 


6.19 6.13 i£B||£PS{w,v} 

SC = (K,£)W-frii, Wlj£[X„_ v ]^2|£|o MBB. A„ v £, 

4-z„.,(/i)*Bi#i3g*. #•&£>*/« vw, 

Miti(. g+»i®W*& J F05£fi«|g£/& 

-^rffi, E[x„ v +X v „] = lim^ 0O («/E[z„„(«)]), gfftflifflj 


def 


o &M-.BTT c?P, 


ietz,tt; UM, $H*£«i8?tom i vPJ u, K'J4 Zv, u (0 = 1 ’ 

^ (0 = 0 ’ fi'J W Z ,. =1 A, (0 ^ Z„. v (n) + \RE [ Zv ,„ (/)] = 1 / 2|£| (03j£^-^, 

^me[x h>v ]<2|£|„ 

6.20 (^ PP ) PPP»^.SlJWfflWW^I®^t^fS]#)4, 

pp^ih^s#^*, £iJ£i«]Ssjst pp, mm-t- 

xeS Pr [^( X ) = U > 1/2 o g&. 

fiEW PPom Cook-0^#P, JxAMo 

X| S e PP Z), /?, (x,r)e/i3Ma A Mfi&#l*rA* 

re{O,l} p(W) 0|^^^Ax, Silt, xe5^J.tta|/?(^)|>2 p(H) -', 

axwilnli? *7^/e#P0^fiJ PP, #j®£i/i+ra^ 

/?ePC (BP/(x) = |*(x)| ), W&lfrJS6.15 S f . 4/? yfo^jSL £ 

£3S5S (HP(x,^)e/?^-g-#|^| = /7(|x|)), #jSfrlTlt7£A: X|7i5A(x,A), A'ML V2 
&®*3i&&ye{ 0,l} p(W) , ^_&{5t^(x,.y)e* WJM, S&X' ( WW&M 1/2 «*) | 






»/»(N) 


-N + 0.5 


,p(H) 


iIE0j§ (x,/V) e 5 / Pr[y4'(x) = l] > 1/2 


6.21 ( «[#("!« /?. ^J5C J? :{0,l}*xN —> {0,1}* U 

{i}. \tn^\R{x)\^i^, /*(*,/)^F|*(jc)|*m / wjm, f g (x,i)=± . 

c i > m r, it##* TOe^i+ir /*. 

(2) ffii0xtfi#j?epc, \\nf R 

H/E: ^iM^-Tt^MR'= {((x,b),y):(x,y)eR/\y^b ) 'i , HiI n J f R Ef 1-1 ]El £1A#/?'° 

( 5kl J*1 A: : 8; s SO f R (x,i) = y ^3 JeL IX. Ml = i _§. X| § 7 y < y > W 

|^ , (( x ’•>’’)) <z °- ) 

6.22 (J#WW#P-^P5|«) ffi0jy#£^h%HtfePC ^f##P J. 


© $m*J£ v >» -wtfSrtmM. m*// &Ki«»nrwA'*ii#. . & 

*$ 1/fcSttiM <«*) =Sr*. BH//(!) = A, //(2) = 0, //(3) = 1 . //(4) = 00*?„ 
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i \rum 


S s ={0,l}* . a — vEWrtiiMR'eTC, -#&ReTJC\TC, x, W 

#R(x) = #R'(x) + lo &M-. ® %JM£MtiUtR'MT-5G£tfi%J&R'eTCft%}, W&M7feM 

6.19° 

6.23 ( SfPlllWttDiaM o-i 

EPE^-Mo 

Jg*: 7—G = ((A,T),£)> A'ig 7 M (BPftlM X ffi 

% i y mm j > N&j6Miaw, m m + mm( tj) 1 >. g 

Elfi^# A/ WfR#HiU+JIWi^l7 

6.24 ( tl 3 6.21 6.29 MXTffi M£ W n >1, K 

» C Wftffifift, itHtH* WfR^P^NP-fflxl^o iTi 8 rS 6 . 2 i 

x>tc=2 ,o i5)cAL, #twxm£E#2> 1 . (ftfrutm. m, x* 

ftEia^M« = 2% &» (E##£itt[230]75£S3))° 

«*: &tfr@6.21 ■t>W0^fflT^J^^^- y h3CNF-?Qii: ; S:®Pi-^^PKM^cirr« 

EHIo &.M: XMzfr^fe m, Wc" #0(modn) 


6.25 (frH 6.21 + W5HI) # 2> ^!NT, 6.21 XHAR-aS^ftSEftM 


n 




r=r 


7j£j£<> a*iP<*^fc£/fc3&RSlirt 

tfrU 6.21 3SAT flj#lj;£ /0 M Karp-!£l^J 

6.26 (Xt7f^5£!0£jto^##T> ilEBJ31^-M 6.21 

BPiiE0J®^T'R]yi^iiE0J4 1 M 3 7«7E liJ^®^7E^£iftMxf7G, M swcc 

c m , 

7ii)° a*: (*77<U#®). ffi 

(l) T + a—7±fe. 




I 2 I etJ^iSA^S* (sK^hHj^n^) ^riSAli (i±iii). 

& (iSA^*) (^iSAii)« 

( 2 ) AnJfi 7*+-&•£—&M7^T$h&ftJi£. !#yg+&^i£$Wa+MJ^Wi£. JAMXj-157 

(3) & 7’“i£7” * (0*jX^ 

77*7 7’^fe-g— x^j®7^>£^7^lW^)o 

a*s .R«#Wfl&J£!IMit&£*7± 

6.27 (1M) iJPJ&tfrS 6.21 iIHjj7&7®7^£M7?$'E° IP 

MM^7Ti£iIEBJ*ltt 3 jUiJS 6.4 


J!iL#T 

^7o fijffl (A7#7®) <gi£&mE0J7 XJ7«7**«7&IMiteffcM&£ A, ®Wr 


W€ffl7M7#Mii^ S 
(1)5^ 




nn 




n 

ITU 




(#|jJfW) 14, 
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JfU $t f5£imn 'iiISfc 


m (^a+) 6 

)&.H: s ffliJ3£4 I :i& 

“&+”o 

(2) «5i^+W3^ u mr (bphs 

Hlfc, #l£ S 

H^ ; S ; wy^^#it'f?:f n 7Wl«]ilMSI60 6.4 MTfiJ . 5. 

(3) 1^- 
^c=6 5 07 ‘. 

6.28 > iff $5$ (6.4) *W 4x4 6.21 iff$* 

u ±?” mm-. 

ti^: mu, o, rtitf^f 

* 3 ?- ■tf in ii ra n hr * # n m n m % - n m n m w ■t p? . 

(2) Mit (6.4) + W$6l$fi>6U:i6&# 

iiH mT'ft&ffi&±i£&im 3x3 *£P$ (UR 2x2 $61$). 

6.29 (iEfiltKniflllX) iff MS* 6.24 * W it? ill» <5 *7 Ell 1/3 (iiR£M£ 

(l/2) + (l/poly(|x|)) ) exp(-poly(|x|))o 

n^s i m&mm&sL&zik, 

6.30 (flHH^fifiNfi) 4>/:{0,l}*-+N ( W|/(jc)| = poly(1*1) ), 

e : N — > [0,1] %j ^ ifl AU'tl' R Jil‘ Tf- W A' BT^WSiS tSf» ilEHJ-^-A;^ z?^ = |(x,v) :|v-/(x)| ^ f(|*|) - 

/(*)} *l*M«*Nfi£-H-ir±^ifr : FE{(*,v):v<(i-£(|x|))•/(*)} HHkiS 
|(x,v):v>(l + f(|x|))-/(x)| tpyiMS''} (“§!$£”) ^i3*Nfi« 

6.31 ( N® W SUSM ) iff $ i? £ - ® # :P-5 g£ N fi (SM-»g£* 

WN.fi). ^(^o)-i£fwi (fijtw) ttismu&m. &-&&, mzmmtmm 

j£l IS 

H*: R,eTC W#lP-^Nfi%—^^.W^fiNfi (ftl-^T/l^jR 

R 2 =(J BsN {(x,y):*,^e{O,l}"|+0^Witl!!n“]®) +0 £h-h. $$tt> iiEHjJ #/?, (x)<2 

iEnj§ /? = {(x,l>'):(j:,>')e/? l }U{(x,0>'):(x,>')e/? 2 } (ifijl^#/?, fftj/3 

W). WiS—$tAW * R e > 0 , £B}|0j poly (|x|/f) rt #R(x) w (ff.O)- 

iSlDL 

(Pftw^: iKfrs^i M ' 2 h £ < 2 4i|/2 mmm. 

6.32 (DNF lTStJ£i4Wffi£i£iH ) #% 6.2.2.1 t>, MWTif. 

(i) wi'flM®s[5#fi$ijT5,.=q- i (i)Btw-MM. n^c;'(\)m^m&^ mc, 


x\/2 


Ss. 

1 1 O 


G) i, §£fiU:, 
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^T. 

®£feiltUx, 

(2) iffBJifrS6.26, *aiis, $B^3t6.25^iaWW^m$o 

(3) ft®: ftig 6.25 ^g^|5,.|^MitiS[o ^RH^'t|5,|i4tfSJT* 1±f 'fKlMit 

»w, 

6.33 ffift£J3Sj$/>&*»£< 0.5, 

R' e PC W (1 !p,S) -i£feU+ $knm*}%)rt#R' M (l/2,£)-Mit$(o ift— 

*HffjtF(n) = exp(poly(«)), iff.UJ3 #?£ /?* e PC, [ft (l//>,<5) -Mi+ISftff 0*^*1 

#*' MiSflsltHfc, F. 

(V/)y,eJ?(x) o & M : |/?(x)| = |F'(jc)|'" (H) , ^ M tiP ^ fl = (l±(l/2))-|*'(x)| . JPj 

a ,/ ' (W) =(l±(l/2)) ,, ' (H) -|/?(x)|. 

6.34 ( 6 . 33 , * w np- 

, mM\iM\E£i$.yz*pR%WL s<o. 5 ,#Rtfj (1 / P ,s) -mmmnma^sMR w (1/2,^)- 

ftiS: 6.33 (£!!#*' tfj(l/2,J)-ififeD 5 #R' 3\ #R 

iff ii ^ P' («) = ex P (" o(1) ) s ^ F ' ’ ^ in * ^ l>o1 ^ ^ ^ ^ w ^ ^ |,,5] ^ ’ 

{0^&^£Miffit£]ft)&ff 1 /r, ifa^Xffc^TF'o Silt. 

F’(n) = exp|« l,0(l1 j. {HnTlUffl F'(w) = exp^n”* 1 'j„ 

6.35 6.27 M + Milg, ^ NP-HlTSfeailKW 

” x, h m t > 

_ def ,. . v 

7F : # ft H o' ={(jc,*,A,l'):3>' 1 ,^ 2 ,"-,7 ( ft#^'(x,A,>' l ,^ 2> "-,7 r )| , ^ 4 1 

y/'(x,h,y i ,y 1 ,---,y l )j$,3L^i&\SL^%r'\' yj j, W [x,y t ) e r a /»(_y y ) = 0 y „ 

6.36 (ffftBn-Si&B 6 . 29 ) fflanw#£i$*i5is*e pc, mm tc 

•ff ua^sy rc m&imitm raj ji (us R ,s R ) 05 iq rt #y s a 6.29 

H*: ^fttffT^ff 1 SAT MdlttfiElg^jR, M^(T6{0,1} J.r (^OT)ei? . 

ft*: SATWfeJtiE«^*nrm!Q^i!|J?, <B£&#fi&»1SHfcW. tA 

ffiM$(uS*,S*)o 

6.37 *£ff|®6.36, aw##—>M$*N &RePC, m#R %#T-%±M, ffiftigftJg 
(US ft ,5/ i )'KiRri£^^^^fH]rt#iJ^„ MT- R % TC-7G±tf}inM, JltB—#M, M'^ReTf 
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P&Mfli'jim 


M, 

MW.— 6.36^4^^ P MW^MinM, IR^/£ 

a 6 . 20 , ##jtgs/? Ksa^M, »(us R ,s*)£Mitt (Mi+JIfi^JiO 

O 

6.38 M SAT Ml^BWi^^M SAT B£—P&<j£ij5t, &S4^£M SAT £fsH-Ua^T 

tl^: M^f$6.29 6<JilHHJ3, ffi.t: 

def 

^5LA(2) = <H*MM z ) = 0 ')’ #ttE/j(z) = 0 / oTW^^ i & 

rpl^&fi^-^CNF, 

4l h UfaxDa 

6.39 ( ) *H£lUe:PC p. 

( Few5 *.,>S«)’ K+FewS*^ ={x:|/?(x)|^ ; p(|a:|)} = 

(1) umMUMReTc, 6.27 M^iK+ntt (jfi^iti$o mi¥m^j-^s R 

(Few5 R , l00 ,S«') /?'(x,i,/;) = |>’G/?(x):/?(j:) = 0'} „ 

(2) MfeM R’ 6 TC RilMZp' , W&-^)k (FewS*. ,.,$*•) 3\ (US*.,S*-) MfJlia 

, R"(x\m) = {y , <y 2 <--<y m :(Y/).y y e/?'(*')} „ 

ti^H: '&x' 0&Itflj (*',/«), m #[V(|jc'|)] 

6.40 M^IIESSffl^ltt®^l»Mii£5tS6.31 




Jg/K: *m&£WI5C? = (F,£:), IC4'^3I M 

t m% i ^mvl^w i &&&]& sa+. 

6.4i ( %-^mnmnft ) &fflM 6.32 * mw-^m$m . 

SI*: OTm = 0,l,•••,/, iiffl^it6.32 WJg-MSffllJ-^SglElg, m, 


iyftl20/-2 m o ^|*(;t)|> 80/04, &MnJW#ilJ|*(x)| ififeL «±, £fg m & 

(SP*t/ = 10/,-,120/, RttiMbU 

(*A1')MN>° 24fi|/?(x)|^80/im#^, M*IJMi&6.32 fKj3S-;£, 

;4S r Mp1cot£J 5£, ^^Mit^^-tJiC^(l-(l//;))-M, ptjiiMZma, . 

Jg*: &jt: *^6.32 (a pT£^5]|g 6.41), 

tfOR-tfio fjffl s* tf) NP-^^ttoTiEo 

6.43 tljifc— '\'W4-$’IR&M\k\W&, Btif DNF 

fir ^J^nT^^ttlKUlFf, (?>,r)eP dnf o 

JgTF: #ES.^'n{(/,e):/€[w]Aee5 ( } , K4 3 S ; #P 6.2.2.1 4? c l 3 0T/£,$C° 
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ti'Ist-brff fa 3Li$-&}&}&, 

flLsjtH-#fett„ &%Js >L$h& E*. 

#4, 4#-#, 1:96-101 


wsiift. H^AinwumigtBii. itaaiNH “%&&%”, mm 

mmz, '&m&m ij “i$m” mm tt ^ “&M” k 

mm “mm®.*” o 

®misra > Ns ^ausut #*—(bp 

JiT 1 e). w (#—&> 4%^^. ffcTOra, 

STWSSRTK^ikJSiWttRTIIflfflitttMifei Mm&, pm#HJ-^ilit|, jfilfflSM'* 
sbis “^RTiaflsr w. »i&m $tt m# 5 ?jukimtiiit (jesjud. 

m-^5SMNP4 , #ft —&wm cbp T>c*m&mnm\ im <b*?w) &fci, 
fi mm. &— 

(&TOicA±) MM, 

#i2wa»tB£. ^£8®¥#*A±*i:fcattoa*, ro*B#nm&i!i#?if5® 

to. ditto. 

(7.1 1?), j&JsifrtB e 

+ (7.2 f) 
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Vi 7 £ W ((W:WIII^ 


Wj*B frTo Hr&, A, 

H&Wo A#, + ( *£Jl, 7.2 t* 

#&, ft*&&*&•£ft *"Hit 

f-R#f-SAIo *S, AJ3i£$ , */HjM4il^;&A$37---'t-A & #J # # !*! ^, W%1tl #iXfc 
#-fla#t#*&iM!t#l*I# (iBAAM* ) 0 


£MiXAffliTfr«/?o PP£i#iESI« 


A, #$i£$B4« 


o 


m&mp 

(M^D.n Rm$in& cja 6 .i^)o mm, **&&&%. 
SiJiiMfi (WSD..1.1) A&# “XmfeW” <WskD.l.2>. 


7.1 n I&I ® 



#|*3iS»Jl-®g^#|HB (ST^tlST) «jJU2Ma*. Hitt, in& 

(Bpa»WiEi»ivt-jf). 

Silt. 

HSifc. 

tiinrwyv^^r»]amjiM^wt^^fKj u mm” bp^mmirim 

M —MSfi^LBfclft, ffi£jW*ffiJ®fl«Jj£tt. MMfftAMglif, #ffi®«i&t6iE (£ 

life nr 16W) IIWiHflltt. «±, $B 7.1.1 TOi£. 

1"^|n]0§i(o 

&«&*. aiSIfSiM. m%±. #■ 

C-«jSjSL±») 8.2 UiifMli. 

MA£4£if A&*9MA«A&W, 
gift1t&£££14Jli£ + 4p#Atg, ®jib, + 


7.1.1 


A ^ 4 — A' te ® n' PS 4 jnj S nj IU S J¥ 'ffc ffi, —ASASS&UfflAM 
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ii mam 




tj (ia&£ffitiiii*'>, tomma 

#ii& A-A:A!P 

iS*f' 

01 WHS*. #SiJ±fe, m 

fBBMSfc—TiEB, 4 7.2 WM, 4eld4, (^!P^#S 

Sei) 

cmsaa) a, AffiM^MAmimTfflMMMA m>« jfcnt, 

a m^maa^w (WAfxMMx amm, ¥mm>m 

aa^+oj m±%miftjuM:^ “-¥^t#i5tTWffl)«itt”o 

“TOtitiftTM” Wl^lSo tti, fiMf ?Ct 

^m^hm (m np as^anis), “%m—M” (m u &” 

NP-ffilB), Mi^^iJ«)l¥W (liaiMSM^I). «5E&|5), 

(aEiJEig) WAo Sitb, RmS3W&£jS “M” &«¥, 
iJsfES®RW4«f&Iiflf]jtgSMIiA. 

mAXtAi£Wi6M^AAAAo 2.3, %gACAlftA^P (BP 

b.r #f*i£#4W£^5£BAW& g, asyrst^fr. 

(l) HtASfrAr, #f& G &8fc£j& /? AfKj-A*A «, gp 


Pr 


G(l")e/?n({ 0 ,l}"x{ 0 ,l}*) 


= 1 


(2) *fA& G BPSA^G(r)W^-^7C*irt, AnTtg 

Mo ^G(r)w^-^7c*ia#G,(r), s c^)»#ft), W 

F/ /\ / /\\\ 

Pr 


(G,(i'’),5(G 1 (r)))e/?j= y u(«) > m( wm&miEZ 
fPj^fW/ffi-^A W «» W/i(«) < l/p(«) )o 

#G* j? WTffi0^^S.iX^-^|o]l)i[44W^#A«#4o 

ai&illl^llIfMtfi (4AiSjjSX±) 5®^ii!Wa#. AifcJtiiA M 

/:{0,l}*->{0,l}’;Ji#fiJM. *1*#^—*fA$£iA x tStitiJ f(x), 

/(*) x tAsimw 

(1) 44£ll5£l*t|0]m±A {£###* jre{0,l}\ W^(jr) = /(jr). 


® saaaMmww^iiBt^fiiM^sj. aio»niit: 

“B«r *#i„ 


[tfffiaTWWJStttk-fi±ntiftTWW«ttMj)pa£ffl, Js% 
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■fi 7 £ 


(2) jfjfcii. GUfcJ5L#;*:M ». W 

p W [ A ‘(f (*)■'") s r' (/<*))] ■= 


(7.1) 


Jt- ft’ ts % $IB] Jt0r W * 6 {o, 1 }" W R W & A' rP fS® #l ££ M &T W nj It IR ft. 

jtfimA 1 ", ^/X'MftAj*^ 

($n|/(x)| = o(iog|jc|)), &M (#R0%±, AM4. JaL 

3387 . 1 ). ittff'f, 8fl&8Ar8£2&W. «-:,t: 

*^#£88. (SP^'a /"'(/(*))+70*> «PWriy£S^ <*£±, 3/MW, 

(WJSfc). BP /M “AM” aIMffi, B5 

*JH5UX*f** 

7.2 WTWflffft. 

(1) XiMF*® Jl e JVP, 

(2) #-|p]Mji#lE&tl = 

©«/(n) = /i. ^#fSifii(g(r) = G,(l |r| ,A-) , Jt^G^Vj^G*/ 

^fcAl'fll/SBMlft r (Gi&lfeXl B±), WJ g IAgW® 

'&ttTmXx = g(r)%mmr', \tnG,(\ n ,r') = x, lC(l"/)-SIf 7? (jftfcG(lV') 

g(r) = G,(r,s) , n r fit)# A^$S(> WPs j*J r ffo l(n) tt#NU^o 

(-&/&8H£Jg)o %t#?&G(l"): re {0,1}", # 

(/(r),r). 4-*i{(/(x),x):xe{0,l}*}, K'J /? If PC, ffi G A * 

.m%R G^m%mm^m^m\mj- /(c„)» . □ 

ifcBJ: W^C.2.1 SMATttfcfcrifcfrffl. 

mo lifitDiitMiMa. ® 

feX7.3(%.fam$L, ^i«aa»/:{o,i}*->{o,i}‘#A#-a5«^ia»w, 

Pr[c.(/(c,),r) s /-'(/(t/,))]<-i^ 

*8. (WiUStefc#) JE53IS7.2 o 


um 


© ftttife, ^l/„*#ft{0,l}’ tt$}'>]ftmmii)l£m' nj#^ (7.1) ^$Pr[,4'(/(l/J,r)e/-'(/(^J)]<l//>(n). @1® U n 
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7.1.2 


“TOMtt”. &Mp\ ^^ 11M nTI tM W'/IJi 7& 7 % 
(HPI3Ete^j»fRlJS (M^ ft a Mil 7 

dPWtiSWI$) ^vi^iF-ftMo 

S .Xii^-ft ®fS(o 

£)£7.4(!i#ftiiffc) M/:{oj}*^{o,i}‘#XjWftM, 

(1) Mfto MX 7.1 „ 

(2) ;£i£W2tfil;3X'K P> 

SL^^n, w 

r / .. \ .,..v~i 1 

(7.2) 


I WM /w ft«- r 'b'W)]>4 ; 


) 

^+M^Sfa]^W^t^xe{0,l}” WM'/M WftMt/lfU lW, IS/Ji 1/p #-ftK). 

MM/fflSIlM (WM/MM^fl?, ^fci&aiit®#) M, W 

(MX7.D, ^7Mvtdt±fe^. \m^im^.xi.\ aw 

ftatt 

&M-. fiMftai&M, (bti^ 7 . 3)0 $w, 

5tJl7.5 O^ftMWIb*:) 

ftM« ig^/^ i/p#L[^w, %jEg^rai( 

F(x 1 ,x 2 ,---,x,) = (/(x i ),/(x 2 ),---,/(x,)) (7.3) 

def 

1 = n-p(n) , M x i ,x 2 ,---,x l e {0,l}" „ 

*$±7’Rjp^rMsy{« 2 -p(«):A7€N}^^w^, ® 

ti8lii#ft!c, Mmm F ^j£MM14#*£iX{X3iM “ZR&” ( BP % jeS *t 11 M 
S<={0,1}", lB*S'lf({0,l}")', RtRsm* “M^M” WiStJ:. 

#SiJ±tk, 

SilUTff-X («±, - 


F3 


ET, 

(£j£ftatsciMXT), mm^Fjmim^Hx^^ii 


[OJ jj&jL o 


ilE Blj X>f ill iSf F PT^l'Iife^'V'i (Reducibility Argument) (bj 


tap x=x,x 2 ---x„ /K „ ) x', )tT *1*1 •••*„.,,(„) ejo.i}”). 
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$ 7 v: Mtffeftftltt 


i$J tfir ift m. si? 


^/S-iilla^-^fxS^ls] (AA/>. ^ 

*f/g<j “@#iS!" ii%r (BPSW^ffJp-ftft) &&l%ttFlfj “f§A$” tt& (HPi§ir3t3i£ 

Ifej'li). ♦SMMife, xH^A.y = /(*), (giMiZft), 

to. n^K-^mmfmmm, (*&±. 

f tofit#H6). McWM^iaTo 
fflJxiiEfto ®iftF*J13fi#.|«gA<J, 

1 


Pr[F'(F(t/ m )) e F-‘(F([/ m )); 


> 


<7(w) 


(7.4) 


®i«m« W—«1S«, ®fm = «V(»), A' 

i^o ^tA^UA.y ^01" (ij'K'i^xe {0,1}", fixity = /(x))’ H&:^'^J'AlffifA.y, iSif&U T£KJ4?I 

$it#, ifi-fi I- /'(»)&, K+f'O);!—'Na^JK^p ft 9 C^r^ife. 

def . x 

^•/'(«) = 2« 2 •/7(«)-^(n' ! p(rt)j). 


Stfi <*A < k*h") 

dcf 

M. /=i f(J/(«) = «• p(«) 

a) ty^?foiL&mnmmx x x 1 ---x, {n) e{o,i}". 

( 2 ) ^(z l ,z 2 ,---,z, (M) )<-5'(/(x l ),/(x 2 ),---,/(x,. l ),7,/(x i+1 ),/(x j+2 ), 

ft# / MiSffl ^ AW/(x,)). 

(3) $nA/(z,) = .y > ^lBz; (lltBi, ii SlA#)). 

<£M° 




(ft 3®: 


«j1 (7.4), £ 

l l 

WBB#l$ftA), E|J 


X—A'M&S,,, n/t'(n) fcfc#$ (#*£W*/M0r 


5„ = |x e {0,1}” : Pr [/ (/(x)) e f ’ (/(*))] > 

ftWTMAH?rg + , ftff]«FiiEI0S <l S^^-feA « fif|$ + Mi/2/>(/»), 
xes n , a'^ f {x) i, Affirm a* r/((/„) 
AAl-(!//>(«)), 

airW 7.5.1 *fiSiCxeS„, tPr[/(/(jc))e/-'(/(x))]>l-2-"o 

g E*3 S„ m A' W^AMoJiiE. 

■2 n o 


sf 7.5.2 S > 

A 1 1 

n 

l 2 f(«)J 
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Hfr s 7.5.2, 7 7.’ h> ^"p 8? n 7.5.1 7.5.2, TTlit 

M£3 7.5. 

—tfffiftie [/(»)] &#**, e{0,l}"\s„, W 

pr [ s 1 F ( c '^(..))*' r "( f K..)) |t/ -’ = ''. 


Pr 5 


«?,[;(/(,,)) e /-'(/(»,))]« ? ^ 

, ,+WnlWft, w.IITJ ft 

w 7 n 7 7 n n~ p\n) 

^Vr[«'(F(^,J) S F-'(F(c/, !jKii| ))A(3/.«i»u; 6 {0,l}-\S.)_ 

«|p r [*-(F(i/„ M J] € f- (f (t/^„)) At/;. {o,i}- \s; 

^ I \ n 1 

7 tin) -—- =- y— -r 

t'(n) 2 q(n~p(nj) 

= 2m 2 • p{n)-q(^n 2 p{n)^ VXUu(n) = n ■ p(n) » ^Bff, ^ l J)flit(7.4), 

w 

£ 5 Pr[*'(f Km.))) 6 F-(j'(^.,))-Pr[(V/W' ) € S.] 

S-tA-a-P' [U.sS.r 

Pi”)) 

IS4S t(n) = n-p(n ), W Pr[t/ n e S„] > (\l2q{^n 2 p{n)^ * ^ ® , SH# 7 «> W 

Pr[t/„eS„]>l-(l/2p(«)), M.MiiH 0 ^7®TW 7.5.2, 'FfiJ&SftiiE. □ 

It# 

itf, &fiEi»Ffc3S#LflflCj, flfflTWS, ^-^rTbS 

SgSfiift On “ilM” nm# 

ftATSiHaWttfflfeJt (Siff» 

*&tt) M»W#WE»J« 

Rrxtffiftsfe0!l*ll¥ (BP^*iftf<}tT), ft 

0 jlb, “MM” <3feJ»£ryWnIS>. ffi 

«***. giith, tt&mmmij&tt, *a&, 
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(0g±, 111 # MM til Hi M£ 10.2 1W4i£M “3HJM” ^MlQMT). 

<#,&&+M#SM^ifco £17.5 (sR^iiEWiiHg) USc»i6) + W-TS£*M 

mugac. 

^% P , m*km% ! &33knip&m, \ (BPi-e-) ^£S7.5 

Mffi1lfct&S»JttTlffittfcA:fca» f M<t, + 

MM “HUiE#* M. T*#jfeBtteVFfB«1»*i, £1 7.5 

liSSfiifeo £1&jg.ife+, M£i+lfSifc4 5 , TtSffiilE 

aitMtt (1^1. MM1SWST^a7.5iiEBJ4 J -^^Miti^t#^)o M*W*tM£ 

#P1. m-&M, is«li, tilftM F 

(frUS^^' 082 ") 5 ), (BPe-) (EH 7.1). 



si 7 .i *&£&. i*£if**jj^i»rfrttfHfc 

7.1.3 M^iiml 

Jfcfa*ft*£,E.lU$a- > h£Mffl: (jarac.6). Slteffl 

MTTOtto 75-^M&M£j^ra&'iMiis|o 

Ty (S/MftW). ifcfiJj'AT/MUM 

TTCMo fB^^T.t^#TRr^#SiJWA >- bJMMMM 

—¥Mtt#*#MM (&*££—T# fa M/, *Hi i# |*|=|r| , #fg®ifc/', 

def 

/'(x,r) = (/(*),r)). &;t: <a»MJ5«+) «®5*MgP$HtJl.4M?*®MttiS (Sn$i£$; 

Bfitn.ft^J*»sR$^MJpar^r3fe) ‘f’j&SSgflUa. liutt:m^, 4£MMMj£faM£ 

/MM (Hard-core). TPt&ifeiA, —•T^^ABMXI/Tit^ 

M (*J*jO ifillfe^^/MM&'ils JnM^fiftERTfrMJffc, a*££/(x)&f. jt&WA 
T 1/2 Mm«M$iJHi a(jc) . 
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7.6 A{0,1}* -> {0,1} #All$S(/£Kj 

fflaH£'C>, ffiSiEM^/>(-) W&P/rM&^AM «, M 


Pr[^(/(x)) = Z,(x)]<^ + -^-y 


fflflfW X e {0,1}” W&JT& a’ ffiGalf&tfi ftOT #1#. 

‘/±1S: M^TIt 6:{0,l}* ->{0,1} UR f : {0,1}* ->{0,1}*, #i£—^BJS £tfjJ¥v£t&&/(*)?# 

«U(x), 1/2 (Win, ll&nTWJAKinAT. 

BPnj), #.a$n* 6 £ (fttiiM) fflM'iMiis], m (bp*jt&jam 

ftjx, M$M|Pr[&(x) = 0]-Pr[/>(x) = l]|;ftAAT>J M*TSl&ig»). 

T#£ie$#T& (WAT 1/2 MJ3UMK*) */(x) 

# 6 (x)MlgHjS#«T/ftrttJ&£* (BP/TJiM), jtR#**T5tf/#i2Mffljiltt. W 

def 

tin, jftT cr e {0,1} fP x'e {0,1} , b(ax') = cr f(crx') = Ox' iftISltt,, $ 

S#'(fi5tT, (RttTi#, ®££SII-TtM# 

<r). £-AM, M/£i+JfTMfiBAA (PP/MM), PJ/#&ffiMT'RMfi&HA 

a#±. c* t/ 

7.7 c—miiffl wm^crs m > i«i a»/.x -*# r «2 m a m , *(x,r) , 

xl/'(x,r) = (/(x),r) 

Sit, ^1 7.7 S, ^5g/(x)fPBI#LT*5c[|x|], WAT 1/2 &mTM©, e ,*,£ 

TpHtM, KTx = x,x 2 --x„S{0,l}"±i5j^^-Mo 

(J*L 7.1.2 tf). RttMg, A A /' 

(S)PT JK M. T T %■T T T £Kj y 4i A M) T A A (ft T M ^ if M Xe A 
Tift^MPT Kitk, M/>T£/RftMt£T', 

“»i£” MB (BP (r,b(X,r))foft1fi, £Tre{0,l}"A 

(^t^^/(x) it*. ATxW “w^r 

»«) ®) 

P*T ^(/(A n ),t/„) = />(A r n ,(7 n )l > — 7 —r , StlJP„S{ 0 ,l}"±W, «!lM. tflffl- 

L J 2 /?(w) 

def 

TMj£flW±Tlf '6L, 3E.MW&S = l/2p(n)H, AxIRlilalSTttT'Jf- JeL^ Pr[fl(/(x),R„) = 
6(x,c/„)]>| + ffjfcfcMx. ««xJBTii > Ml0^W^ (»£)- WiAW/fx), 


(D X min v |log 2 (l/Pr[A r = v])} ► ^Jlc A r $liSi y h#§;& m. !$J max w {Pr[X = v]j = 1~ m , Hash 313. (JS. 

fff^D.2) *1)0, ftjiW1t»T, Pr[6(X,{/„) = 111/„] = i±2 _/3 *”*, K‘1 1 U„ {0,1}" * 

2 
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$7 




poly(|.v|) o litM, Etj f(x}‘VkM. x Jib \ S'#M0\h r^ fitlifi i ic.fi 7 x t , HMBStJUIIJIF- 

r e {0, l} |r| , B(f(x),r)mB(f(x),r®e i ), ^ e‘ = 0 ,_l 1 0 |jc| " , M v ® « iTCfafi v 

in « II 2 Jjn° ±jeE^‘^^^SiiEnj1fiJ^fi1)Hl5^>fi < J^®>^6(A:,A-©5)= 6(x,r)® b(x,s) , 
&$Wk&b(x,y) = 'El l x l y, mod2*MiE, 2 jtatt&fcJt XOR (#s!as 

H7.SME, PnW:B(f(x),r) = b(x,r)%}B(f(x),r®e‘) = b(x,e i )%3l$.M., PJ B(f{x),r)@ B(f(x), 
r®e') ^77 b(x,r)®b{x,r®e'^ = b[x,e‘} = x l <> T'SSHlJ&IPfllJ r, /?(/(*),r) = 6(x,r) IN 


1 


+ 


1 


0jfc, figJt 


x,.c 4 , 0fWLt#, AM*t/i£/(x)£b^i3fi° MM, 

££ (X&iiE&ltt) fiSp>^ + l/poIy(|x|)^±QD, M «ff] R jspit p >^+e , 

£ = 1 / poly (|jc|) o 

±J4ag#4WNBJi-ffi#a««Tt-#^ftJ(/(je),-)W«ftA»t, ««JR*iqte. 4 (± 

&) W 1/4, “ftiginte” 

MM, 1/4 M), ±i£J?$£*i;pT 

3/4, i/4). m b 

mmnA'rimn RAiWBir& b m 

*f(/(jr),r©e')iBffl 5, WA(x,r©e i ) M5f$lJ, #W*TO5«§f!l6(x,r) 

diitffl a). b mmmb(x,r®e‘)tt} u m 

«r. mm, tt/&ii£i5fcit6(x,r), wmmsmmmA n^mBmmb(x,r), 

4(x/)MI. ta^RmWM-^r im^\x\mm^r) m\b{x,r), atlip^jnf, {aMtS 

rmmb{ x ,r) mm, fassttamT . »«ui® 6 (x,r) 

mm, r m, \m-nm, tiirmw 

m-am. mm, 

M, ^M'niyiMfit (J'ftM) «ff]®«jfclit$n£l&Sb (M7ffMW6(x,r)), PJ 
HjWmillWMfx. a#Utm^RTiSi^W«t45KSliiTx. 

r(M»itifi^4(x,r)). *7£/£iw = poiy(|x|)^ 

I I def 

r, &}'■>] (J.»:£ife) &#{0,l} r 7&J/ = log 2 (m + i)7.t>, . MM, 


© ittnt. wsam-**, 


<J*i>JS7.6) 


203 



i!r/U*fl: 


r w^{i,2,-./}w^^$Tit. r 

v 7 poly(|x|j 

def . _ i j 

j. ^r j =® j€jS j \ {o,i} w 4*^ 

JE53g£7.5o *(*,r J ) = 6(x,© jM J y ) = © ysJ 6(xy). Silt, Mb{x,r J ) 

bp %® itJ <r j , &*&&}o 

If a, &** = l/poly(«)^OTdJtttfiJ*ltt X, b M/>(*,-) Gm^T# (HPX*a*x. w 

P r [fi(/(x),iy n ) = 6(x,t/ n )]>i+ff )o 


sfcffijfft <xmfrAy=/(*)A#3c«*l*), 

<$" / = log 2 (rt/£ 2 ) + 0(1) 

(1) i^^3'fc5£j&j&#.y l ,i 2 .---,s / e {0,1}” , e {0,1} o 

(2) ## > ME5TlfcJe[/], RWr J =® JsJ s j ft p J =® JeJ a J . 

(3) *tz = l,2,-,«, S*fck#(/7 J ©5(/(x),r J ©e')) 

(2 ; -l)W$ + , 

(4) $$IlB z,,z 2 ,---,z„ o 


a*: £ (3) (BP^r- 7 ), 

(HPSijfcM r )o ®*SltJiift, MffiR&i i R J, R 

Pr, j2 j\B(f( x ),r J ®e i ) = b{x,r J ®e i ]\>{M2) + E , %*r J =® JeJ s j , R OWh i) MM 


(7.5) 


AM. yep]. Rcr j =b(x,s J ), MMURiRJ, R 

*W,. J [p J ®B(A*),r J ®e') = b(x,e‘)\ 

" T W,J [*(/(*)•''' ®«')=»(*•''' ® c ’)] > j+* 

p J =®j^jCr J =b{x,r J } = b[x,r J ©e')©/?(x,e')» ftl: ^ (7.5) ffXt 
£&A&*(x,e')MEatt. fiJffl/w = 2'-l = o(/7/£ 2 ), (*&&) 




"iUft.mim -'i'eim, 1//. exp(-/). IIITBT4- 

/ = poly(n) , l/2n, frWa—^Mi4vfenJJS.TWtS D.1.2 WWfc D.3, 
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#7 £ 


't je[l], ^ <j j =b(x,s J ), = (m + l)~' = n(e 2 In) = l/poly(«). 

Hilt. l/poly(/»).^3!#iiEo H 

s# 

M5t3. 7.7 MM, 

def 

A^flSW. ffM7.7t, 5 t (r) = fi(/(x),r)o 4#£ijlfe, uH H ^ PJ!Uij&iIE&±i£jl 

nmmmw)iEmvm-m%' Hitt, ffi0j3jig$^±«B^#ffi-^poiy(w/£)-iM-i'0]mg 

#1, Mtxe{0,l}”, tt*SSJ£. 


Pr rE (0,i}" l B A r ) = K*> r )]^{ + £ 


(7.6) 


^ ;{0,1}" ^>{0,1} WMd>poly(n/s)MW8iliiJ x. JU*lfe. x MW 

def 

p = i2^£ 2 /«) o V±M: x {XlX.7^ - ^®^ (7.6) 7 ^a/ 76tF^. JAWM^J T 1/p 

^ (7.6)o M«±j£Mi£ttd(i/p)&, (MAI!® 7.7), 

%.m 7.8 (MM 7.7) #& —*££#$( «, 

fl:{0,l}" ->{0,1} WMWiTfrfttM, 4poly(«/f)/^j5ffDl, 1/2 

xe{0 ( l}”9i]?lJi. 


Pr 


re{0,l( 


„[B(r) = b{x,r)\^Ue 


(7.7) 


JtM 1 b(x,r) ^7F.x-fei r 2 


re 


„]fl(r)= />(x,r)]<^ + 


{ 0 . 1 ) 

- x. 

2 

^i7.8WtM, £nn^M^x wKf+ftmHt. 

HM, M«'J6(x,r)ti2^ffl){|Wo ^®r=oJfflSiE^ (MA}$& 7.14) M„ 

t, &mm*%&WMT%.M7.7 M£M. /(x) 

M<t). *»7i6ffi&-.£, MWgn, «*£;£sEM, nmn(s) 

M 7.8 Hadamard 53M g#. $ xe{0,l}"M Hadamard 1^53 

^ 2" fcfc*H£M $ , Jtf W r e {0,1}" . 7 6(x,r). B : {0,1}" -> {0,1} 

2" (7.7) M xe {0,1}"7*5?^ (BP)MxM Hadamard 

HS5^). E.-^ B tf]$tiM^.g%(0.5-£)-2 n o M 7.8 ft. 5 ({§. 

5) EM, ^TW^xfl<]?lJ^nJffifMfr7]poly(»/f)|Aj (Wife) ftt. &ifcM 


® 7.14 ■I'll x„*^. Jt'l'x^Sllli(X„)^*. 

® ¥*.h, X W^SffijSW (!m>J8g7.i4'|'Wx, )• it®. 5gS.7.7siW#ftJi4-n(i)«/"'(x) 
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iir/u^n 


%mmj Hadamard 

i®^4—STOTOBf-TO, 

?4 I '&^WPi—fsSo (BPM5££fi^M7S3 

(a*: 4/£S7.7M —7f$&tf)fch&«fi, 

T—7 Hadamard i$f£JISJ7)° 

ffl)t^C.'iS^IWffiii 

m&mmM&'t'in*!, c jsl 8.2 =^>. ma 

. ^ftliRiiEW^ (I 9 . 2 . 2 MC. 4 . 3 ) ^Jra^fil (Mitc. 5 ) 

7.1.4 3ttffl3t«[*WS# 

7.5 mfem 1.1 (wi. 

I («±, Mj£3 2.28 JF&, 

8PJ)* £S7.5 7.7 |ft##J:t&t4 : 7 (4 7.21?. 8.2 H&8.3 Wi£—il^ 

mxamiK^^mm^mmmM. w. mmmmm 

?m cbpm^a) to, 

ft. &#_t*TOA 4 AM: (gp—M 13 ^) sTOKItTO 


fem 7.8 


7.2 


^7.ii?-#, ai, 

aftwatsji^T^-awTMreiii. (WTO4**M-ai4it 

+hmt, Mwm, (#—aw) e& 

a#S*#P, gP^P^TO'g-^ 7>/poly4. 

mwffrtt. JVIPfflJUITO, BP 

*TO#7 P/poly 4 (E3JS7.9). tiiMil, tB^:^^l^±^#4-TOISc0ll'0]WI#^J 

£NH, &7WIK£ftaA-K:®;t*h tt*£#j£«£to*8&3ISSft;ttg:fcjl¥. ® 

M.a-^ftJ®#, CJEL4.2.1 

1 ?)o ^ityfl§i&iigtB7&TO£, WTO (—aw> 

cbp-toj^iri^), RT4fc»n*(Birtvnr. mam 

a3£JSC. 


® &S> &fflMPi:*b*i£PS±tt®8 e\P/poly 'f®«/W#£ttj£@. 3E»0ft 
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$ 7 £ 


(7.8) 


7.9 #a»/:{0,l}*->{0,l}*(S,p)-^TO^W. fcn 

Pr[C„(t/J*/(t/„)>^ 

(7.7) mwwbx, &.%&&&p “^nsmmrn” s (o, o m 

Hrt$ifc. #B6)tpWl«iPMiS*. 8E£fcSto«feflH!!E (;i¥£fc*fc) fk^ttfRTM 

fflj®ttRr^*(S,p)-^BTi£1Ktt. p{n) = 2'" +l 

W Pr[C„ ({/„)* /(£/„)] ^2'" )o ^7—^E, ^ /=»(«) = 1 — 2“" , ^#£tefaiIisj|k(S,p)-^ 

^mm, bp®s(«)=o(«) wpr[c„(t/„ )=/((/„)] ^ 0 . 5 + 2 -"-' , 

JE^l! 7.10)<. 

i±M: (7.8) oTWIIM*/ / ( BP (7.8) 

e[j(C(( 7„ ),/((/„ ))]*£l -/>(«) > ^4 l ^o- = r0l', ^(<r,r) = 1, ^(cr^) = -1 )» 

H/m 1/7-0 

&t: #—&Wffl*S#|nJSft (®X7.3) 

7* T-^mm (OTJ&3® 7 . 24 ). m, 

lfttfii£TuEM£iito 

P/poly a (aK^®irfifeW*»|ll+), 

«:£o M: amflrittM/MfcS&fi&fiiSa: s, n s{n) 

W«fe»RTKJl^»fW^*»W*IAlEfllit-#/. ffiS, #/Mfcttfi&S/l¥At*fcieii S, ;t® 

js&wpsi^ «*b ^&mm%s( n )Mz «w»AiEfliinr/(«±, 

“/L¥£t£fc” Mffl*6tt). 


def 

e = U £ ^time (^ ) ’ J^ r t n ^ ( n ) = 2 




\£n 


ud, xTTmm f^¥ 

(7.2.2 HT), AW#S'J*t 'BTTm“% 

(BP %TT=T)» «±, 


7 . 2 . 2 1 

( BP 51 * 7.23 ), 


® 4t$±. E[ / j-(X.K)] = Pr[X = y]-Pr[A'^y] = l-2Pr[A'*r] . 
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i I Yf U 'j.t'l 


7.2.1 

5£IJ! 7.10 e 'Ptf-fe— i s -|°]li, &fei&M3Vj[gJlf L &h&bAT/>, K'J 

£ 4, #£ m ft - BP *t ft-t £ Iftit />. £ *#£ (KJ ^ B& if. 

&s 7.10 Bpp^*i(.wii#!W.4t (&&a 8.19 2 

gp#)„ WT &&&3 7.10 WWf+iff 

(1) ^Wti«Tlttffii&?F&, *2RMIBW^ife (EPS 

■I 3 £■(«) = 1 /n 3 o 

(2) c bp P --^mm, P '% 

&. Pi m Pl , ngj$n£a»/& (^.i / Pl )-^rnrnm , 

MlJaifF(:t 1 ,^ 2 ,---,x, (n) ) = ®'l'; ) /(x,.)® &4 1 /(«) = «• p 2 (n ), x,,x 2 ,---,x, (n) e 

{0,1}", ^(/(«)-«)=/ 7 ,(«)" (,, / P oiy (/(«)) 0 sncMiBW Yao&mmm, giJEB^imivfc 

‘pmM£iteMvEW&£®& (7.2.1.2 

7.10 7.8 

****§&. . M# 3 ^Mi£iiETOfS 

< ML 7.2.1.1 U—7.2.1.3 Hr, SI 7.2 SI). 

(7 2.1 31 ?) 



*Bl«Uk 

YAO#j£§|a (7.2.21?) 

SI 7.2 HfcttAWfiEW: &$grtt 

7.2.1.1 

(bp^^m^x±> *«uiaw. -&m-. 

m m m&si m alauit tr^x a m or m &m . ® 

rnmZ, M±, mm (S&IrIHM) 4> 

“rtr mm w (&*&&) c&itjsttiais) Kmn* m*. Mr£*m 
it m ra a w * a £ « , iy & m & m%$ ra js m m w £ #<j nm . 

-t&SItiiMTgRiE (Self-correction) ffij*. g, oTSJffl g 


® m% h. I? * ma^affiswTW sb * a# »«*«. h* zm&n. im$« «r w««i« Afoa w 

•MM*. ftP/rJADn. r-«'J'W8£*it»*M£i« (4u n l< ’ g ="1"*M>. ttlK. 

^w s F^itiftw*e&-«)ite7 i itaiS[*0<i$w (!m 2"/ P oi y («) •?'$«). 
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tfi 7 0 - wmttww® 


shAW). g& t wjaMftflnjiM 

1 / 3 r (^f g KI) fitJftiH. Silt, 2/3/MlHfliatt®. 

AM, &^#£Si*tS;51TMit#g 
fftWJFffi. 1/3/M/SuE#l#{&. 

JcIMPS^ sE f d (fa m 'Mak%®&,> 'm£L 

|f| >dm +1 > (#*) WMH. il 

a®: ffiF"fc£J3i5i:KiJ£jSUS. 

<arflUG.3« 7.11). 

^/±o, {iwytri^e^Eii, jim, tta»/:[w]-»{o,i} (®#m 
/ : [iv ,y "]"->{o,i}) rm^^rn®. f ±—^ d & m m& |f|> dm +u. 

(,d + l) m = N . M±, 

A^ansi&pT. 

7.11 (g£MPm) ®)lfH'Iii/„:{0,l}%{0,l}, WPS^ F, m^HcF, &. 
&mm m, w>£|//r = 2 n &|F|>(|//|-i) w +i , 

7„:F m ->F, ^{0,l}"^/&// m , #£j5C7„M 

—W|//|-i&«-M£:® 3£, it*e// m . /,(*) = /,(*), aM{o,l}tt^FW- 

&ft: + &M|//|-1 A m-&&£ 

« (J*Lgjg7.12), nTX*Hilt, ^e4 , Wa»/:{0,l}*->{0,l}, 


^'f| ]#li F m | = poly(2"), w = rt/log, « (AM |//| = « J1.|F| = poly(«) ). ^ 

SiJife, jfcfft, /„j£££fc*iO(ii)M$±, AM*±^itifenT#i!j/S^WTO1t?affl)« 

£317.12 MMMfeAW&ATS, 


BtdjRTTh^waft /: { 0 , 1 } ->{o,i} , ffi m |/(jc)|^|x| , # *i-«» + m m % 

S'(«') = 5(«70(l))/poly(«')WEfei^^{c:.} i| . eN . WPr[c;.(t/ B .)^/(t/ B ,)]>(l/«') 2 .it-^Hfe, 
7 S. 

£a 7.12 w^dcT^a 7.io immm-#, m# 

tt(Xft*r«Wa». *#SiJ- y h(poly(«),«- 3 )- 7 Fn:jGf!Mfl<j^^g^ ( j£«ffl^>JI& 7.13 


® /:«”->/=■, f-fm -ib|«|-i »c m-urnzmx./■. f* -» f , tnwiiew. 

f/(*)=/(*). •esr?tpoiy(|H|"iog|F|)wrH]rtiitfij. A# 9 rttj&>j* 7 .i 2 . 
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ii num 


%m±, wt^i a (*,/)> m& 

0 f(x) mm i 

*j-ffit«eN, %fg^/H£ft{0,1}"±, i RM 

Mfflfajt7.il, |S]Bti$m = rt/logn, \H\ = n R n 2 < |F| = poly(w). J&B*#S!lltt®3&/„#tc 
% ri = log 2 |F m | = O(n) W^lftWSy-feA log 2 |F| = 0(\ogn)mm . 

±w®«, wy#pjitr#MiiTPg. £6? cm^m 

rmfiL 

?r[c,{U,) = f n (U n ,)]^\-{\ln') 2 >\-{M3t) (7.9) 

WfflS&c,;., gqV=(|//|-i)m + i = o(n 2 )AT/ n WM&fu fOffl/ B WiMtfc, M&M 

iiistlfiJCSdJ /ftflftiflffl, oTWWM^ 2/3 WWl&Dlj'Rg(WJ5W 

iASi]®i). tllfflfgillM&jgil 6.3 MfflW (#-g[) £BI#Ht®, nr 

Wit# /„ W^g&oEtlfxSn 3 -|c:.|>5’(«)oJ^. |c;|>S(»70(l))/ 

poly(n') o ftHfiJ C' n . (7,9). ^il^iiEo □ 

s# 

flgftftMMWwfttMit#/, i+fTffl xtptr i-(i/«') 2 

ItflW&IEffiit-jr/M*#. 0®liftr®£liij, nmfee, «|/ee, (&*fmffl**niti!i/JS 
!/3W. 43],) 

£3 7.12 Wim®OTfflTft#Mo in ft 9.3.2.1 t>*Q 9.3.2.2 Ifffl, Mffl S&iE?ii 
ft9.3.2.2tK4>, ft^iSSlJifl^S7.12iE0J34 J ^W^MrMo 

7.2.1.2 Yao 

ftftmitwf: 

T» ft-ft^fflAW^ik: lift X (^±i£Wfifn^nTMifis|), M 

% 1 Wft¥i£ , 1 W^^^0.5±exp(-/2(«)) „ 

MAfti-*, mn Rm#pj—tHi®, 
MMWMM&1/2. Ain^illB—ftiUte^IEaW. is (7 7.1.2HD fti+#3S 


® &M-. ^ffl.7.12 WffinH^®±.iiF.9jT- y HRiSTWA/3(log«')/( n ') 2 , tt}«>;a--^WS|/(x)| = o(log|x|). 

M®±®aM#?isa. 

8‘5fe. ffiffl-h&ftllK-* O(n) Ik. JfjJtfj'-£»*&. f»SJ—'MS^JjCSi, *tT$gJA xe{0,l}" . o(n J ) Q . flgtt* 

^i-2-"w«¥iE«ft8-#/„(x). sjg. *f2" fl'Mr^fK)«3A8!jiawrr ! i. » J -\c„. 

W4S&. flgftJjFfW n tfc!|$l&AlE$if-.g /„ . 
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# 7 *: imfmwjtm 


7.13 (Yao #&—4Mffl',¥/fSlc>0, 

A- Pi)-^^'^®'#*’ MWiWLF{x y ,x 2 ,"S^(„)) = ©!ii ) /(^) 

^ p '-* rTMM, -K4 1 ?(«) = n- p 2 («). *„*2>•••>*,(„) e I 0 ’ 1 }" ’ I® /»'( # («)*«) = A («)' / ^(")' ,r • 
*±£•£3. 7.12 (&53® 7.13) 7.13, TOM^a 7.10 W—#M 7.2.1.3 

1W&tfiT$3—AMI*.) 

&M: M^a 7.i3 7.5 (ipx-m^ aftMifc*:) sam. Mwtn 

Wo ^£17.5^, hkm-jc'iin &im m e m m m . mx, 

T^i 7.5, \Wl, #ji 

WT*f£9.7.i3 

BftDta 7.13 M M ftJ Jj &4H4 hSM'JI A, 

&—2N&. i^iEi^pTWftJffi 7.1 Ur fart#. 

W4t£i!o 

(1) “ MM ” ®$l/ > (x l ,x 2 r-%x ((n) )^/(x 1 ),/(x 2 ),---,/(x, w )) ; £E$$?Sfl < ] 

(2) RjpJfflSS 7.8 fE^M 7.13. 

Hilt, &QM9 7.8 fit, iE93W±H-eE^fiH—(#nm 

AttU ft ® ic»r site ft £ it). 

ftS7.14CftR3l3!) 4 a > A^£«’ #©&*»/:{0,l}‘^{0,l}*?i^.XtffiEA- 
M1£fcS&$l {C„} n6N & l?r W £ A itt «€N , w Pr[C,(l/>/((/,)]>l/p 2 («) . 4 

/ > (x l ,x 2 ,---,x r(ii) ) = (/(x l ),/(x 2 ),---,/(x, (n) )), K4 , x 1 ,x 2 ,--,x (( b) g{0,1}" , J. /(») = «• p 2 («) o 

Ktti,® £ : N —>• (0,1], M. p' 'MSi p'{t(n) - n) = p x (n )/poly (/(«)/£'(/(«)•«)), p -tlti 

Wffe^^{c;} meN J^'/i^Pr[c;(t/ m )=p(t/ m )]<f'( w )o m-pm. in^mzM&p^ Pa m 

ttftsafea mxn, ±&&ifc05j#:fc. 

MU ±til, > 0 , tfet? £'(/(«)•«) = A («) * ’ WQ\ p'(t[n)n) = P\{n) c I 

t(n) Vc , M,ffp l//?'(m) o 

7.14 #5(1 ^a 7.13 

£3 7.13 Hj*£9. 7.14 m\h^mmmp'(x„x 2 ,-,x l(n) ,r) = b[f{x,)f{x 2 )-f(x l(n ^,r), 

K+ZA^ftM, r e{0,l} ,< ” ) , %,r)lt|l(«)-tk#$y^rafll2rtll.aS: *^P, 
#P (x l ,x 2 ,---,x f()i) A) = ^(/ , (x l ,x 2 ,---,x ((n) ,r)) * M f(x,,x 2 , --,x, ( b) ) = A'(x 1 ,x 2 ,--- ) x, (b)) 1 ( *) ° 

m±., p' bt fti p Mwzjmummmm c&£a 7.8), mmp m 

$m F «.t, IS£ 

aansr+^ft® (arnKJi^TStt). H£M£a7.i4 

(4£'(/(w)-«) = a { n T ), f?£5ffl£a 7.8 (JE^H 7.14), f#5ij A /?'^4^ 
p'(/(«)-rt) = A(«)^ (l) /poly(/(«)) o P' F $LiSi flA ^ 
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44 

P'(x 1 ,x 2 ,--- ) x, w ,r) = F(z 1 ,z 2 ,---,z, w )© i © o /(z,.) (7.10) 

44Sr,=lHt. z,=x,. WPJ, 114, $PJIf#i!l7#4(£/.,/((/„))W 

#*, ! 0 ljnrfljffl^#^f^^(z,.,/(z,.)), 44 iffi&r, ;= 0 , ( BP 

44fl£l§SijF'fKj®4M) tti£, nMfffiJ— 

(Sl1!TBffc:3JS7.17> ^Jl7.13^iEo 

M 7.14 

&1S: 5tS 7.14 7.5 7.20o nJW4Jffl4'/gS 7.5 

mm, sa*. &a 

7.5 s— 

js*«owiEflijii. ^aiMTO#^, ^rmm, &&4 


'JX. O 


ra^a 7.i4 w, nrn^jfflftn^is, £4&m7i+jrm4aM«TOttW*tt±re 
4& 5 5l34. vi^y m ,z m e{o,i} m , _a*t44®3 

/: N -> N , W*„ =(y (W ,Z n . /w )o ^ia#SSiJit#4lx':F(^) = (f;(j),F 2 (z))^®^Ml;|R 

a»F:{0,l}’->{0,l}’Wl«?(l«^. 44|>-| = /(M)’ -&^&7 (Sdfc) if#/• 4 F 2 MM 

m&m&. 4a«gj*4. lEiiit^Fwm^pg^iHiiit^^in^wMteiR, 

(BPM4*), ainaidiS^ia^^ 

■«4a#^£*r&W: c&miMtm&fetiFi) mmimuft (& 

lit ±4^) ffeS^Mo 

31JS 7.15 (MIR, ®4W—tgJK 40 *t4±3£fft{y m }„ {z m }, f; > F 2 , 7 {t}SF, 

4p,( )^4{r m }±, M«*±R. teSIt&ifc, 

4.S§lj$l {t’m} > W 

Pr[C«(n,) = Fi(r.)]^p 1 («) 

El#. tSSft(^{z B }±, M^^j 2 (-) f 2 W«^±R, WMffiSM 

*:N->R, TmWiS/J^ 

def 

p(n) = p l (l(n))-p 2 (n-l(n)) + e(n) 


def 

s(tt) = riling 


( / ( w )), 


s 2 (n-l(n)) 1 


poly(«/£ - (n)) 

4«, BP0H*fflMW4a*fc£-*3Effl5feM. #M3ia 7.15, 

* 3151 7.15 li{ii5£3S 7.14 

^F(x l ,x 2 ,--,x ((n) )^^F ( ' (n)) (x ) ,x 2 ,---,x, w ) , 44 F < ' ) (x,,x 2 ,---,x i ) = (/(x l ),/(x 2 ),-■•, 
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$ 7 v IHiftn WJtlii' 


s(«) = p t (rt)/poly(/(«)/£(w)) faSft fait W fa T (l — (l//? 2 («))) +(/-l)-e(«) itlfatfa 

Silt, fa#£s(«)-®1i&?jfaSftitWfafa 

(1 — (1 //?2 ( w ))) < " > +(^(")~ l)•£■(") = exp(-«) +(/(«)-1) tflf&Z).P^' { "^(U ' (n ). n ) . uj XiH 

^M/izs 7.14 m *(«)=*'(/(*)•«)/*(«). 

s(n) = p'{t(n)-n) E|JhI^^.s(«)= p x (rt)l po\y{t(n)l s{n )))» 

&.&&&&&*£, (an m mm nr*£Mi&&iE cap 

fait 7.14 fafaTVlWt&)o %7vEW9a&l&m(& iM /+!). Mj*lJfflSIS7.15, m%F x =P {i) 
rfj 0 F 2 = / , Ir] ft & B # $[ p l ( ' l (/-n) = |l -(!//>,(«))' +(/-l)-£:(«)j , 5}' ) (/-n) = 5(w) , 

/fa' 1 («) = (l -(l //>2 («))) 4'* ( W ) = poly(«/ff(»))-5(«)= Pi («) O TJ &UT O 

amfij, (/*> w) uairt^^Bt^Tf;^j£^iii7.i5 w®# (ifiiifsiw 

p \ i] ), faF 2 *i£3IS 7.15 Sam^p^ ). 

Silt, F = F ( ' +l) risjAiL^lilfa^famin^jj'* (/•w),4‘ ) («)/poly(n/£(«))) = s(w) 

p\ ,] (i-n)-p ^(«) + £(«) fKj£ni&, ^fiSc-Sfr^-LPIt^J (l — (1 //? 2 («))) +i-e(n) « 


®. mum, M- j fa, 

Me(n), Silt, ffxiSfaiS 7.15 IE$j, K'JnTM^il 7 . 14 . □ 

913® 7.15 WBEHJ 

fflJxilErS, 35&^Fft& 1 v\Mi£iktf}s(-)-MW:tf)f&8&M{C n } n ^ , BP Pr[c„(^J = F(A r „)]> 
(x). ( BP C„ (x) = (c„ (x\ ,C„ (x) 2 ) ): 


P'[c.(i', w .z.., w )=F(i',„ 1 .z ww ); 


= *[c.(V Z M.))r'lM! 

•Pr 

[c.(7,.,,Z M .,) i -F J (z M . ) )|C.(li ( . ) ,Z M . ) ) i .fl()',. ) )' 


ftunm-faSTfafa^(/(«)), cap 

c;(F)=c n (y,z,_, (B) )), MH-fasfa&isfafa/?,(«-/(«)). 


© ft:*: 611 * (it-jlffi 7.15 40 •$• j(n) = min{i l (/(n))..tj(n-/(n ))}/2 . 
M® W, K't 1 ij " 11 ((/ + !)•«) = min j sj ' 1 (/ n),i 2 («)j /2 . 

(^(n)■n) = min{p 1 (n),p ; ,(n)}/2' , " , . itl 1 l(n)»n R. p, (n) < 2" ). 


W'i ill ±i£ 1-116 Ill *i \ $m$! ip* 1 ’ fflffeffi. /*♦■> a 

tfrit-H-P = P { ' { ” )] . a«»®IJEj6JiCW&ife (W>j 4 ,w) 


213 




ilftU&M-: 


sypr^fj—4 teas. f+titWA^aMo s.s&£f»r&—4 

>£^^ft < J#^(y /( „ ) ,/ ; ;(K /( „ ) ))®tt ( cASijEtiS^4 J . M.W&S'f F 2 :£jJrfyBif. 

(^i^ifeSS ,; t 3 )o A’AiJA z, 1"^ ;>» SS£C„(y.z), = F,(y) (£±i£ 

#*+), #totilC m (y,z) 2 . MTkSfcMz, + (W#S& C^.z), =/■ (jO&M 


II Pr[c„(r /(n) ,z) i =/=i(r /(n) ) KSilMi. SB — 

Prrc.f^.j.z^fjfy^Jjw^tt^RrattWr. W&MWz (S*±TO&te). MftHA 

tftffitbftS. ^ n @)£TA, mmmn, C = C„, e = e(n), / = /(«), Y = Y,, &. 
RZ = Y n _,o iP*Pr[c(y,z) | =fJ(K)]^ff/2, jffilft z S W - 4 G z M &-0 . 

$B. #*#jEg*#c(y,z) = F(y,z), IIiMi^»ftc(y,z)=F(7,z)AZeG, &W 

(Mif/2). H**Tffiftz*G, W 
Pr[C„ (r,z)= F(y,z)] ^ Pr[c n (y s z), =/• (y)] < z/2 

z jfff 1$ Pr[c(y,z) = F(r,z)] jclli; i&StSift. 

Pr[C(y,Z) = F(y,Z)AZeG] M T PI A Pr[C(y,Z) = F(7,Z)]-z/2. fijffl Pr[C„(7,z) = 
F(Y,z)]> p(n) = Pi(l)- p 2 (n-l) + e , W 

Pr[C(y,Z) = F(y,Z)AZ€G]>/7,(/)-p 2 («-/) + - (7.11) 

2 

M±^m^^uEaj!« tr5feiiii3jji*pr[c(r,z) l =^(r)]>p,(/), 

3fclS±, (£&fll1f«4£S5S). 

®Th 7.15.1 Jljffi:, WPr[C(y,Z) | =^(y)]^^(/). 

ffiSB: in*#?-#*/**. mm&Wfc&*r\C{Y t Z\=F x (7)] > p, (/) tfj z e {0,1}”'', 7T#- 


def 


iiji ^L$kC'(y) = C(y,z)^, + F ] W'll & 7'/Ho □ 

fiJfflWg 7.15.1, nTWiA0J^pf0I#SiJ-^^rf^^lS.4 1 ^F 2 ig^W*^, SDu^T 

®tW 7.15.2 #4Ms 2 (n-/)W^C', $#/£ 

P r [C-- Fi(Z )] ^A(^)y^^] -£^ ;( „- ;) 

M: (7.11) fffij, 4*3^. 

to&W7ffiM.#^(y,^(y))Wpoiy(/»/*)4^#. -Efts, m 


def 


7T4 C"(z) = C(y,z) 2 , ^-'t 1 (_v,v) & 5 ^iisj'AlL C(y,z) t = v . McWM TJ itlT. 

MH(y 7 (y))Wii@mm. Efts, pj 

^l- y ^^W(-g(tt)#^l £E ^lE('^0^^tllS y NT^lJnrW0^T)4)o>^^Mz€Gc{O,l}"■' , , 
^£C(^z) 1 =v6W(j\v)eS#Jj&6<j3l'£-iaftS 2 » S 2 S& (Y,F { (7)) 


214 


$ 7 # 


=F,(Y)o E*F, \S z \ = n(nle 2 )V.&1gVt$}}&±L, 
zeGH-^T Pr[C(y,r) | = F^Y)]^ e/2Rm = n(n/^) <, ®0jlfc, MiiMzeG, # 

&s z (&#rWnTi£fKJ 5 4 1 ) W 

; it 

|{(^v)e5 2 :C(y,z) 2 =F 2 (z)} 




| S | ' ?r [ c {y^) 2 =' p 2 (z)|C(y,z) | =/=i(z)]-| (7.12) 

Silt. ffifz6Gc{0,f', it (7.12) if# 

a 5 = {(^,v,.):/ = 1,2, •••,/«} (BP S -i$c“iSItffcA” 

lj C" ‘"t 3 )> ViSfE W. _ FM^f‘^r / fl"o 

(1) i e [w], W V ( . = (_y,)» 

(2) M^S Z =j(>,v)sS:C(>,:), = v}v$Eit (7.12). 

mm, *H£;tk$fftlz, S z #$o 

WfHAMz, f&EfrC"Br5fc$£3l-£ , S I , i=l,2,-,m, 

IMC^zjzv,. ^PPJ, # 

«ttic(>»,z) 2 EM 7.16). 

(7.12), W 

Pr[C"(Z) = F 2 (Z)] ^ £ Pr[Z = z] • Pr [ C "( z ) = (*)] 


reG 


= Z p r[Z = z] 


{{y,z)&S z :C(y,z) 2 =F 2 (z)}\ 


z<=G 


X Pr[Z = z] • f Pr[c(y,z) 2 = F 2 (z) | c(y,z), =^(r)]-^ 

reG V ^ 


\ 

y 


f 


= X p r[Z = z] 


zeG 


v 


MW's 7.15.1, w 
Pr[C"[Z] = F 2 (Z)] 


Pr[c(K,z) 2 ^ ; (z)AC(r,z),^(y)] 
Pr[c(y,z), =/;(y)] 

TPr[Z-z].E£M^f)] 

«c a(0 


A 


7 


\ 


> 


£ 

2 


_Pr[C(y,Z) = F(y,Z)AZeG] £ 

Pi( l ) 2 

:MM*rW 7.15.1, ffim'm I. 

ifcBJ: lift, 


□ 


ME 


® 5 Z £Kj$3§?$GtJiyj -f/2 = O^n/e' j <> ffl Chemoff M Pi$ [|5. | < mt/4] = exp|-/?(n/f : )|< 2 " „ 

WT-7;={^:C(y,z), =F,(y)} . SIDSKaWfi T, M-'NMcS' . j*£ |{y e S ': C{y,z\ = F 2 (z)}|/|S'| f Pr[C(r,z), = 

F 2 (K)|Ker 2 ] . 2. S&flJfflChemoff#, —/7(n/f 2 ) W S’ e T z 1-2’" 


ififel. 
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area i| iTU/Mt 


7'.f3£Wo 7.14 

(BP3I3 7.15), 3£&, 7.15 

(W&5£S7.14) #£—^gMfc—^4 ] fiS^Wi%^illl^^ ; nj(} / /(n) ,F l (r /(( , ) )) (sJc 

(i/„,/(t/„))) ®T?ja#^^;!^[io2]o if£±, sis 7.15 MMtfrii:i£b&7Hr 

“ift«#”o ®/n, «radijea7.5 c^mm*) 
MS 7.13 (Yao MIMR 3 I 3 ) lilW <«*M) * 4 fcJK* (S>»m^##«[ 91 ]+ 2 . 3.2 17 
^n##^ciK[i02]4'^ 31*). 

7.2.1.3 

IDJ® 7.2.1.1 T-fn 7.2.1.2 1^M7£S 7.10, 7.11 

njMiiisi, m^rnm Yao wiMWiasfcfc^fflaiitt. 

«jfi7.ll) $R±rT^SI— nTWiiiHl. MJng&fH£S7.10 f+M. M<m&, 
M#$ji£7.ll (ii^i£##») JgfciKfcifi (£17.8) rTKJI#5!I— 

ilisj (M 17 .io^tI)o BPinT*£ifc. 

7.16 S, #i8*:N-»[0,i]fl&JE. 

fi(«)>2- n o / m 7 {o,i}"mm. 7.11®, 

|//|=«/f(«)m|F|=|//fBt. ffimmmmgio siij*/(x)=/ w/ 3(x)£jscft?ia*S[/:{o,i}* —> {0,1}’ 

r >«v -1 dcf 

W Pr [c; (!/„.) = f(u n . )] < e'{r,’) = *(«73). 

7.16 Zm, 5fefliJtinM^+Wi!l^a 7.10 #iiEW. 3*d‘® > hy>0, £ 

7.i6 at# m - t- ft» w ra $t w a % /, «sj£|?(x)|<|*|. 

S'(7) = 5(»73f/poly(«')W4M{c;.} n . 6N , tPr[c;,(t/„,) = /(t/„,)]<l/5'(fl'). MS 7.8 
ffl£n o' (JAL7HH 7.14), Bjy.ftlWTiiDlST 1 S"(n”) = 5 , '(n"/2) /?( ' ) poly(«"), P(x,r) = 6^/(jr),r) & 

s'-mmw, ^^H=|/(x)|^|x| o #8m, MftmzMa. p, & ± & a & -t 1 4 

S(h) = poly(«, /?(«)), ^%3\ e ^~^p-^n]]H\cX\n^\o a£S 7.10 f#iIEo 


( J0.lt* E.1.1 ) 0 




7.16 fl-t, &*pj*/„ /„ u W’ mm, mmmm,m m 

■mnum (a) mmuMm'i* mfctt/„ ^.?„^ Reed-Muiier m cm 

M E. 1.2.4) MMQ^.SilJ7 “Mgfc*” (J& 7.1.3 7T 


© ISl®4tqiS7.n 4». ii\H\ m = 2", &i*84<:|//| = »»/*(»). NJffJIMm5ES.7.12 

® <Jt l W£ffl|//| = n ). fu*15fti^ ^ ftOifttM <.!mu!i&-(ic(n) = 2~ 2 " n ). Hilt, i£.&)s£i£S£j£ |A/r = 2" 

fl)®* (im)ci) : 2"^|//|”<2 : " ), «/*(*) M®#. #.Bo, £. 
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$ 7 £ W 

£+ /^/^fffiS^-MIAII-tKl. ^Kf±. (t& 

jtft (WMs^ftbM) (W&/ n ), 

&-&&, *7 it :f„ee m$m? n e£> mmmm®f n ^7 n ®>&mt\ 

2 0( ' ,) = P oiy(|/ n |)rtit#» IfSMi. /„^/ n ° 

££7.17 TO£iit?,/:N->NSa:\^(0,l], TO 

If r: {0,1}’ -> {0,if #SA /, a 

(1) m (mW)* f&Hr 

nj IA iA TV- tk # *TO l-t Al [?(A)J A #J l(N) &)¥$ U , # ^ (5^) 

r(jc) e [< 7 (|x|)] ,(W) [/(H)] id [?(|*D] o 

(2) TO (^flllfe). MW FItt. Xtffifta>:[/(A0]-»[?(A0]-£ 

ftlie{0,l}\ r(x)^<yJ^(l-a(iV))-^3£0<], Alffit-tWif#iWA MtlAl 
p((logjV)/a(Ar))lftf&S& C, <£#*Hi?t/e[;V], C*(i)^f xfi^f / tM$. 

ITO&M3-7 / TO&MJM: -^£A;fjJj = 

w:[/(A^)]->[ ? (/V)]4/(7V)^^fC^^r^a(A/) tm MM-M. K-4 3 ar(lV) RTtBfR'K 

X Af^fcfc#, M££& C RTtfeHtf x + p((logyV)/«(^)) tk 

o @jH:. x bjia (BJ3M) *cm, ±«7(x)-^$ftg^». 
a—^Jfe. Si^fix+^kk^W, JI^AIrI r(x)StH/>((logtf)/a(JV))^iflJ|nI. _ti£TO 

(££jaME.l.l) ® 

^ = 2"W-7C^ (^/„ :// m ->{0,1} WJMMJ). HSftUft. ^/„:F m ->F#^^F |/rr =F a ' 3 

w-^7c* («sca^[a^ 3 ]5u[|^|]stf— tom)« ®mmf n m? n m^imvmm\n* 

~$L¥f^WLlhq. h a fitl£S*t#53> ^ l(N) = N\ a(N) = e(n), q(N) = (n/s(n)f , N = 2" . 


KBJiS^j p((log/v)/a(yv)). [?(Af)] \r.mmmisff)- 7 t&. tmff-fij. *$ h, 

^-#w»#«#=a«iwfl{w. Jtig®rt f j7E«aT[ 9 (A')]. 

© ®@Ul-f«5Afi> e [ ? (W)]' ( " ) . r:{O.l}''^[ 9 (A)]' ( ' V) ft*ja*i^fil?}iS : *«II,+,i!i^0f*!px€{O,l}''n<J«i (u . r(x) »5 
<»«a(Af) ttwiwficse-a. og^7.i7>. ff.fiS'i. *•!• * 6 /.„, wt. »; 

«* (#a*iWU8&‘t>) W'A^I®KASU„^. ««. grt:®. 7.17 

&#. K:'f#^f6«i«^^/7((iog 1 v)/a(A)). y, -hM- 

®@ N = 2" =|ff|" H|F| = |//f , Hllt|F|" =N i . 
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ii nuAtt 

f m 3\f„ ®t£M. S®ttJR4J£JSC 7.17 

0Mn, S^Wo(l/a(2 n ) 2 )^^ (BP/,) ^tt^^^<y:[/(2' , )]->[^(2' , )]^(l-a(2 n ))- 

ggi£W. ^M^WWMB#lii!)W'tl^nTWSp(«/a(2' , ))-Htl'H][*lM«^ito 

(o'M) -Sx-M'tftSil''J T^JIh 

etw m*j .i&m&s&#iiEW-+Mm . a *=&&m 7.16 4>g„ = /„ ( r i(i n )=? n >. 

^JS 7.18 5, 4 £: N —» (0,l] ° 

%J®£j$iU:N<-N , $i£ni->log 2 /(2'’) -Bfcft. #4- »»(») = log 2 /(2") , 

£nnT4/(jv) = JV 3 > RiJw(«) = 3«o fiS@fel'tr:{o,i}'->{o,i}*RrwfifS!tiH¥. 

<7> /, a&imttm, Ji^a(A^) = ^(Llog 2 iVj)o £Xg„:[/(2")]->{l(2")], &&g H {i) 

7 r ({/„)) e[^(2")]^ - fKj % i ^ytM, % 4 1 (/„) %.7jk f n ft] 2" tt; #fi ifi . ria 

g(z) = g m . t (zj^XKIIg: {0,1}* -► {0,1}' Rj £ }t jS 0} ft rt if # , K M tt it M #1 %J 

def 

S'(«') = poly^(w _l («.'))/«')• 5(w _l («')) W4S&^{C} n , eN , W Pr[C'. (U n .) = g(U „.)] < e'(n') = 

f^m -1 («')} „ 

iEHJKS: J.b&/'W#P 1&#, g„^« 

C' = C\ , ^>£Pr[c;.(t/„.) = g(t/ n .)]<f'(n') , 4« = /n-‘(«'), #£it e'(n’) = s(n) = a(2 n ). 
7i§, C':{0,1}” —>{0,1} -5®iS^Jt(l-a(2"))-gMfiM, 

r ({/„)). r W#5i&#*T*, />(«/a( 2 n )) ,WIg d **£(/,) 

(BPit#/„), ffeftfiEffl (3ft) C’f^Sf. ggr&fcifrC'-^D, qrw#pj— 

> KH¥/.M. M\%% p(nla(2 n ])-S'{n')<S(n)tf] (#*£) £Sf#iiE (BP%^7gWI6 

\m 

2/ftifcttifc. mngi&TfeX 7.17 MfStfclfcifc. 7.16, K + 

< 7 (Af) = ((log 2 iV)/a(7V)) 3 o NM7;i^#M££X7.17 -jRfctt, 


a»:[/(^)]->[g(^V)] ^ (l-((l/<7(/V)) + a(W))) -&i£M 


® ««iS*EnJfl8»SJ—*B5W-*3 e>Jl* (i-a(2*)) &mM¥S&fr&®' &«*«. 

*/>(n/a(2*))ttlM5jrj£. ftg«9Hi —'pf&Bfll*. ffgx-t tj a, X/ (l-a(2 n ))- 

«ittWR^aiT#«. iit-^itk, «» A(l-a(2*)/2) 
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^ a (N)»\/ q {N) m^mi.i6-> 

ft, M#^^S i JrTIU^0&» jt¥h¥ (BP q(N) = 2 , MM 

wytbs^So lyitum. ^a 7.18 ($(#)=2), 't-3M 

7.2.2 tfJtgJ&Hif&i&tfjJft:*: 

»PP3fcafr3fi*ltt#Ufc. *'hm-^3M£KK 

£3 7.19 #£#» 

6>0, fi#*64{0,l}"±jHfllTf#/W^KSI«M'>*2**. mft 

def 

Mfc>osr(«) = 2 1 '”, e 

(jE£a 8.19 mm i gp#>. ^a 7.i9 ojfflTO wt mmf%±mik 

#1 it (BP 3TT=T). 

Jga 7.19 $|^±Jif(|rJS 7.16 (^a7.8ffl^, ja^)^7.22)« WTfi 

«i£S—WEE. £**« 3^#iiEH^^^a7.12 4’ii^W^fn^nT 

i£flSUifi3tti£. il> Yao^^Hggia (SPSS 7.13), B3»J5#fti6fcttt#r£ 

^^poiy(«)-tl:#^A±WiliiliKW^*I^P < ]MII4f^^, 

tBfgW^AAo t&ttJilft. Yao JP*/:{0,l} rt,( " ) ->{0,l}RnjJliajBllft^ 

^E& !»!ijF:{0 ) l} poly( '’ , ->{0,l} iS f -«S»l»aTO«. 

5 F (poly(w))-^5/(«) #S'Jilfe» S f (poly(w)) < S f (n) Hft'WMo K'tT 

rnst&^j wjs F te&). urn 

Sj (n) = exp(/2(«)) Bt» ^tis#S!j.S F (/n) = exp(.f2(m)) (ffoRtt#? 1 ] S F (m) = exp|w /J,l) j )<> 

mm^m^-, m%±. 

Hilt, ±MB^Si®^^j5CF(r) = ©^ l lyW /(jc i )- ^+x 1 ^ 2 ,-,jc poly(/l) 6{0,l}'’*r^, E05 

W|r| = 0(«). ifeHcJtift, H#ttYaoW#^5iaW «R*. 

TOrrMfij^^x,., «^»r#>h/(x,)w#^ais:Wx ( -#, js* 

srianw. ® 

&#&#: g*si*ir#**^# 8 **#»#*„ wmiis* 

tt&*xJMHl«#jft$l3tt£ltttftjfc* 0 £ax*'&#iisw*k:fcW&£#( J*L 8 . 5.1 if X 


® a-jftfijiift “jEfifGfKT \^^a(N)<m(N) w. <iusE£7.i7 0ri$). «CJJ0 

ffl[?(/v)] >.-'M®*l(fi/(^)-ffyiJ^i{E^g«^S(l-(l/ 9 (W)))-effifi'j, H.a/(Af)» 9 (A? 2 )H-l, 

RYH(l-((l-o(l))/^(/V)))-®i£tW. laa W>poly( 9 (JV)) B*. *ji#Ma©poly( 9 (yV)logA/) N-lt 

*s$. 

© ia^P-hJST 8.1 HTfKjiifflli^, Mf 

( 1*18.2.7.2 ft). 
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iir/u^fi 

$ ( % 8.5.3 ? ) WilNisan-Wigderson^it 8.17 )„ *&_t, I9f®4 

7.2.2 


35*RTifi1KM. WJft 5 & /toffljfcE#. ft St Sift, at ft ft d'Mfclfrc,,, W 

Pr[C„(£/,) = /([/„)I U„ eS]«l/2 . {0,1}' ftftftS^PTififctflli^ 

7.2.2.1 SjftlKSE 


^is±.Rr^fflj«E*w«ifeitrpjff*M±.4-jr.tst^£/.(BP{o,i}"±w^^), 

&feXl.2Qvmm («-fcb#$W) 'Jo — .RUSS Jf.e {0,1}" . 

&X 7.20 (ftftft^ttfflftE#) 4/:{0,l}’ -► {0,1} ilia). {*„} n6N ***£ 
I’b], s : N -» N JL £: N -»[0,l] o 

• ffiar^pr.j^WffiaSE#, m 

Pr[C„ (*„) = f(X„ ) | <= 5] ^ ± + s(/») 

ff(-)W, Silk, 


ilia]) 1 MS&gtt 

fP^oTi£^iIiaIWffl)«E^ 0)). tUT5£S^tB7&#ffl>« 

Eft. 

£*17.21 (^^P^pTMilia]Wffl7tlx^) 4/:{0,l}‘->{0,l}«*KiSia|, {X„} * 


fc*£PH. j : N —> N , p:N^[0j]ftJ£p(»)>l/poly(»). ®«XtftftftgM£*j(#»)Wft 
C„, ft PrfC, (*,) = /(*,)]<]-/>(«) o *rftftff:N-» [0,1], 


del* 

«&£«$■*(•) M, &+/>'(») = (i-<>0))-p(»)> S. 

def 

s'(«) = .$( a?)/ poly (/?/£:(«)) o 

'■ftsijitk, M/^(.s,2p)-7FnJMM, M/lWi®^/j'(-)*p(-)ft!l, 
lJEMfl®: fftra{7„}-m#t$S(sa{j;} rfo/£{y„} 


® \ <f-mm\xM, nvtmmA'T- mi, 

© ^•■WjSL##X«ti02]4‘|ip« A. 
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93+fiS® 

)ftT /7:N^[0,l], in*XsM£*JC, WPr[^„=x]^/7(»)-Pr[y„=x], »{*„} &p£E 

^{y„} , illnT^{y„}i!c{^„} P-5HC. sK#WPr[y n = x\ = (M p(n))-?x[X n = jc] , 

m%Pr[Y n =jc]=o, pjy#{y n }^{ j,[r »}"’ 

as—as# cuff 

H 7.21.1) #4—ffi 

H—IH5# (HITS 7.21.2) 

&-^®{x„} P '-r^mm^n{z n }, \mf^.{z n )±.^^mm. mb, at 

{jf.} ^sf#iEo 

kw 7.21.1 p-£KKj*E*£i*ii{y.}. tefcxa-tt* 


Pr[c n (yj = /(y„)]^i+^ 


(7.13) 


\&%?r[C n {Y„) = f{Y n )\>0.5 + £ , {n) , K't 1 e'(n) = £(n)/2 . —SjfrWft 

X„ TW (ft A'.) 

tMJcM, ^ttp-iKIBM^p-ifE^WCia^. (JJLW^D.4.1.1 + 

W'#fOo sjit, #fg*t (ftjr.) / ffi ^^-$@d^^w^^yi l) ,y„ (2) ,---,y n ( ' ) , nunmgte, 

£;r(i>Pr[c,(if)=/(i*>)' 


0.5 + f'(«) 


(7.14) 


(ft*,) 

c, Pr[c(r„ (,) ) = y(r„ (i) )~ 

it (7.i4) 

SiJA f 0.5+ £•'(«) Min-Max MjRU (iAL von Neumann 12351 ) Hf&ffii&f+tt&dT. ^ 

i6J|—#5R®HnT#ft*&. iSj#£!iS-*-fKj—#BS#lftl&, RTW#5lJ^0.5 + f'(«)WTO^ 

*o ia#D„, i, *r 

Pr[ J D„(ri' ) )=y(ri' ) )" 

#+m & tt- at m at m -w nr t* & D n &l r bs #i & m y„ . 4- b„ = {* : p r [ d„ ( x )=/ ( x ) ] ^ 

0.5 + f'(/i)}, KlJPr [X„zB n ]<p(n), B^JUlJnJ X Y n , x e B n Bt Pr[r„ =x] = Pr 


> 0.5 + e'(n) 


(7.15) 


® £»±. I ; mm BP*t±»*#ias«cK. ®**Mg£-+>t»jc€{o.i} , \ '-(]‘0<Pr[y,, =x]<?T[X„=x\lp(n). li 
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[X n =x]l?x[X n &B„\, ^PJ, Pr[Y n =x] = 0, (7.15) 7/t®. D„ 

7 > Wf#Sll poly(«/£■'(«))■ ^'(«)- M fH 7 S& fttl ft'fp D' n , M * £ {0)1} )£„» 7 

Pt[d;(jc) = /(x)]> 1-2-", ^rfO#£—tifnl-IIWMC,, ffi#^^xG{0,l} B \5 B , 
W C„(*) = /(*), 7 Pr[c„ (X n ) = /(*„)] 3* Pr[X n e {0,1}" \ 5J > 1 -p(n), . 

□ 

TffiiiEW, W (&{*„}) irs 7.21.1 ftj&ifc (&& 

&**{*„} p-iBSftTtS^OT) (UTWJE^#i6^&iiJ3:K#»/> m&ttfS'*) 

if a 7.21.2 ^{jr.} p-^see<jw$(i]{y n }. 

EfeS# C„ , W Pr[c„ (Y„ ) = /(y„)] S5 0.5 + (e(n)l2) , PJ#£—7® {*„} p'-7SEMM$|b] 

{Z„}, te##tta^'(n)-«8iWfe»C ll . WPr[C„(Z„) = /(Z„)]^0.5 + f(/7)o 

$§7, ifg 7.21.2#a{ jt.jw. a? 

Jt*/£>'(•)M>Mffi 0 ^7SI. ifs 7.21.2 (<£#%« 

[11]). JtrttWf. n-im^ 

, P t{ p{n)-Px\Y=x\ ^ 

p(x) = ^P - r — 1 " J ^1 (7.16) 

^ ' Pr[X n =x] 

Pr[X n <=S n ]*p(n)mmWf&±L, 
WPr[C n (2f„) = /(^ B )|X„e5 n ]<0.5 + £(«). ffiHJB —7 
if m fft. ffiHtfJSfW&ftM7S& C„, S„, 

Pr[C n (^) = /(^)|2f ne SJ-Pr[C„(y B ) = /(yJ]|< £ ( W )/2^W«Ml-exp(-7(«) 2 ). 

3fli?iSL##^:^[io2]4'Pf : f^ a. Sfc^T^aWii^o □ 

7.2.22 mitmm&Mmmmmmx 

Yao^gc?iaw*efim^»0t. msfcSSiftEfci 

(gp^g 7 . 13)0 

4- /. & ft p 2 la & m 7 . 13 , Mijga 7.21 ion, #7 //(«)= 1 / 3 ^ (#») 

s'(«) = p, («f (l) /poly(»), ®$Cl/s'(.) fl<|, p' WSiE 

WL S (41W7{(/,,} )o Hilt, ^773 7.13 4 , M?(«) = n-/) 2 («)X F, i£ F Eft/(«) 7BI#l n- 

fr-7JS7S(BP FMffl*|E#) W»M7^1-(l-p'(«))' W =l-exp(-/2(«))o 

m±, mttttuEw FMg^niisfKtt. «±, %&&&. > M'8E«t&i&c. m 

p'[t(n)-n ) ), y tt^'£'(w) + exp(-/2(«))^ F (4 (/,(„).„ 7 ) ^7 s(n) > l/s'(n) , 

R'J*(n)J?iiW#£i&£M 7 t(n)-n 5 


® 


f£S: p-3tfiEW. MiiffiiSWft. Pr[D„(y„) = /(y„)]^o.5 + £’(«) • 

-ffil'l ( Jft*116'i£— flt&. XtJM-P'lft p -3E02W y„ {l) . a Pr[£>„(y„ (,) ) = /(r„ (,) )l« 0.5+e'(n) . 
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$ 7 w mn w hi & 




. ## f'J ® T *1 ®T: Xd-*^/e[r(n)]S 

i i^."'- i l (.) € (°' i r’ # 

Pr[C„(*',(/„,*’) = F(x\U„,x")\U„ eS]^^ + f(») 

^^x' = (x„x 2 ,- > x I ._ 1 )e{0,l} (M) ", M£C n +fifM 

/ \ % dCf / \ 

/\ / G [^/(/?)J > X = (x 1 ,X 2 ,* , ‘,X / _i) » X = yX i+ \ 9 X i+2 9 *' *»^/(#,) J W>S. cr — ©y^- y*^Xy J » 

(fijffl^c;(z) = c„(x',z,x')© ( 7), JA®£ 

ill#® /?'(/(«)■«)^ 5'(«)-1 )» 

Yao#tt?iatt*n%fl:JK* 

*£±, “fti« 

S«”(a*8f) (£8.5.1 If), iBf^G, 

31 a 7.22 &/:{0,l}* ->{o,i}Ji(7»-* 

oTifi'fDUft, /?(«)> l/poly(«), #-^7®^-. H?&/£>(«)=£= l/« o ^ 6 ^TFl^l^R+jl 2 if®, G 
% PlOF, (s,r) = fe(/(x,)/(x 2 )•••/(*„),/•) ,^4 1 |^| = n = |s|/2 JL(x,,x 2> *--, 

x n ) = G(s ) Jk(T',p') -^FnTifi'tl^W, ^4 3 T'(n') = T{ri 13)1 poly(«') Bl p'(n') = <T2(V ■ p(ri I 3)) „ 
inS/es, Wljfje^o M4|il7.22«&, oJ#-^(7’,l/poly)-^pTMiiiHj 
$f^^-^(r,/2(i))-^oTiamilisi, £*r(«') = r(/7/0(l))/poly(»’). 

M®®iE^|s] (YaolMRSiaMJSi&JiK*). M5fc&ffl5£g 7.21. £i£g 
#3&H4> a(n) = p(n)/3&.t'(n) = T(n)/poly(n) , :^iP-/'(-) 

0.01 Wfflj«E«s {t/,}). T®, in 7.2.1.2 If#i8*0J® 

® ( £frfi#lffc ) MfR IrJ ^, BP ff(S) = (/(x, ),/(x 2 ),•••,/(x„)) , ^4 * |j| = 2 « _§. (x,,x 2 ,-", 
x.) = C(s). ^*T£5£JSC#+ /3(fl.a(n))tMWiAMitIfi, ^MiiE^T^W 

MigWlfl, *330 7.23 RTfcl, G(G 2 „)$6jtBfl<J n + 'hMi 1 s &J$E 


— A* 


def 


$w/i( B )= n .a(«)/2. i«±, ft«j!Ba«^/'(»)-a«iw*»3EftTnr/?(!/,.) 

$Mil>^0.49y5(«), S^H^^ljG(G 2B )'i 1 #/6tjffl)tE^4 5 —^'HcjRWJM&Ji J3(n) (lit 


© WTi-m%*F/?(n)-r(n)>0.51/i-a(n) W«. HP 1 y(n) = {](p(n)) . 
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il-Kti# 


M&M^a(«) = p(«)/3) = Jtfcfft, 7.23 M^7 G(G 2 J$wtP,ltt « —7 

def . , v v 

JS7 S M7777 /?(») = 0.75 .u-a(n). W TilE BJ3 457 (r'(/») - poly(«))-MtI fcB&tf ff- 
p^]^m^'>^r{n)=o3p(n)o ^G{s).m^i¥^iG(s)^m »• 

def 

77( BP G(s) = (G(s) i ,G(s) 2 ,—,G(s) ii ) /&*, oJWiW,^i&>^#G,“'(x) = 

j.s e {0,l} 2 ” : G(s). = jt| . &&—^\£kl-y(n)tf3l&.$}1ll&i\rWP i (U 3l ,)tfyf&&iC m , ^tfg , 

x, i e[n]Rs <=G-'(x), fremiti C„ ($) KlW, i 7tfc ! Nf, 5JIJS ( C' £fa) 

Pr[c; (G„) = /(G„) | G„ e S] 5i • Pr[c„ (G 2n ) = />(C/ 2 „)| G(G 2 „), e 5] 

1=1 n 

> Pr[C n (G 2 „ ) = />(G 2 „) a 3/G, (G 2n ) ; e s] 
n ■ max, |Pr[G(G 2n ). e s]j 

> (l-^( w ))-Q ~P(»)) 

n-a(n) 

0.7>G(«) 

= —^-A7>0.52 
n-a[n) 

(*'(/»)-poly(«))-SMJI4S&£-it If /> B*. r{n) = 0.3/?(«). 

F, #<f>/;(,,r) = 6(/»(s),r). 

5t7*iH67I3#, ^Mgf§i£»H77 1/2) St£#7. c 

7 c (») = Pr e{0>ir [c(j,r)^6(/j(*) f r)], 0 7c (s) 0.24 , C»M/>(*). 

Hilt, Xt7MI^ r(3n) = /'(/f)/poly(/i)W*Wl C, — Pr 5 [rj c (5) > 0.24] ^ y (»), JAM 

E t [rj c (5)] > 0.24 y(n), T'(3n) fc&it IT {s,r) i-> b(P ] (5),/-) &}&&&& 

def 

M£l>fitf(H + |r|) = 0J4-y(|r|)o ilftf fjf(r'^-^TMW. M3l3*tiE (&li5ij 
<5(«') = i2(«'a(rt73)) )» □ 

MS 7.12 i?3IS 7.22 R 

7.23 *g*£7, PTW#SlJ^S7.19 (ft*—7#08). 

?ia 7.23 tfi#/:{o,i}’->{o,i}g(7>)- 

7nTi£felftj, 2° 7^$CHtlWi+#ltta$[ G, Sf# 

^M = b(f(x,)f(x 2 )-f(x n ),r) m r - 7 Rl i£ M , St (x„x 2 ,-.,x„) = G( S ) j. 

» = /2(|s|) = H = |x,| = ••• = |jc„| , Jt-f T'(n') = T(n'/0(\)) m /poly(7) „ 

$P£ fee , MiJ'WWFef o 


£±, ms 7.12 ^is 7.22 s 
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WXftWl'jJIJifc 


vEWWl H: 7.22 |0[a], ft #Jit / M — 't'M/j p/3 MME*$ 

T(nf {l) /po\y(n) - S! 11 * ft R VL & T{n)" m ) , 

p 2 ( J )=(/(x l ),/(x 2 ),-,/(x„)) w ( * m m it ) m m n j® . n * H=o(«) k 

( X] ,x 2 ,-,x n ) = G(s)o G ®.fe$L%m&G{s's') = G ] (s')®G 2 (s") , &*|s'| = |*1’ 

|C?, (s')| = |C7 2 (^")| * 

(1) G,g; 8.5.3 It amvEW, 

i /> MM 5, Mi>R /2(p«) S l-exp(-/2(/7«)). 

a#: #n**Niji|s'Hs*|, W|g,(.s')| = |g 2 (.s' , )|, ja«j g JAM. 

*,. if /me^w^m i -e Xp (-/2( / on)), 

£|5*±, MfiJfflG 2 ^4tSS-N^„ 

(2) G 2 Mi£: 8.17 “HMISiJ” Mt&t Rfotfo, G 2 (s) = (s v ^ 2 ,---,5 S J , g + 

mwibs, £n&^s£;Wo(i)®o ^mmmu 

i+IT^#;£/(*,)3gSf?IJj (^E= G«7G 2 M^ft). 

«£ME«*M/lftim*g£ll*o «®M#MJJ&#«i$[128]o □ 

s# 

ilEn>j^IEi 7.22 *P3|iI 7.23 ftt, H5g5feiiH073+S/S < ‘l:^”?|afitl*^miiSA (£S. 7.14). 

«±. “MIR” 3ISL 

ffl sis 7.23 u*>« <M'>*t-T- 

3i3+£#M££# c id, mx, ns, 


* m a ^ 


DiffielP Heilman $gMi 1661 . II fti§MHP £3 7.5) 
SW* Yao $§lH (239, o fem 7.5 

M1£'lM|i^}S;&ll^&Blum|aMicali||tH I41] o ffed&M, ffxi& “DLP M” (BP 

WRUS+Wffift) PJ^fflM-il'Ji-l+^^Wilislo -j&ftjM&'ll'iiis] Ota 


® sn-ff!a#-%*iW[i28]. 

% •sK'J' stt.msc: [|i|] JlMiSS?. EP^J'i = <7,<t, ■■■a i flS = j/ ) :y = l,2,-,nj • -fl ,t s = <7,, < 7 , •••cr, 
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7.7) & Levin £f±l, Goldreich fP Levin ijE#" 1 ,, RackoffltHi. §£ 

MtB. (ja#=%3t«[105])o 

(ML 8.3 IT), Nisan-Wigderson (Wit 8.17) *k®F 

&n 7.10 ^^xmn\, M^a 7.19 %^^x 

«t[i28]. Yao TMSJeM&'HIS.o 

Yao Yao |ft|N5c3ia (£3 7.13) gS'&WHUl 

lS##3t^[239]+, Yao^Jti&jtWPAMo Yao #sR3ia&—'ME5t&7BI 

MMA Levin (J&#%3tl$[102]£5jl 3 ^5P. 7.2.1.2 Goldreich> Nisan fP 

Wigderson in rti (_&#%£&*[ 102]4^ 5 t?)» A7 Yao (JUS^), 

#^*^[223]4 3 ^H J ,7^iiEBJ5Wi^g^. 
Impagliazzo [1261 *#-^iB7ffl)«E^Wm^ (^nTja^#«K[102]4 3 ^ 4 tO, 

Yao^sRfiawJSifeJK*. &3I3W&— 0137 . 22 ) Mg## 

3tl$iK[126], 0137.23) R £ 3 7.19 A g Impagliazzo |P Wigderson 11281 . 

*#i*» 0 TOit«M! 9 W <bp 7.2.1.1 #£a7.12) #g##;£i$[22]o 

Blum> LubyfURubinfeld l40) ^gSjTJl^, Lipton [157] l-^fiJffi^#^Wii7 

Suda^ Trevisan ^ Vadhan l ' ls| fOffll|F^i^fi^-Li@i])ltl&A£.|B]W(7.2.1.3 7) Wia7 
£3 7.10 fP£3 7.19 —f+TJEUJ3 t2,81 o 

v$mm.mwL±, ##£^[ 43 ]+^*, 

WT> &^RT*rM. 



7.1 (BP*taiu e {o,i}\ w 

|/(*)|=M ><* 

Hjp: £&#£**£«*£*, tt|/(*)|</»(H)^W x ®5DicAo fi« 

«i-» p(«) H lif ill ifa fit) tt . S p(«)^/n<p(w + l)fft, '§■ p~* (m) = n * £ X 

/'(z) = /(x)01 kH/WH , %*¥ x&ztf) p-'{\z\)-VC'$fwM', 

7.2 vEWMmm f&fcx 7.3 m&xLX 7.1 


© ®*«wat£ttia#H4^^wa*«itw«ifr36* <£ 8 . 2 . 5 -wo. 

© <£#^St»t[l 08 ]). mtm. 

InJSS. ^(AT.r) . n%L x 2 = r mod N &W#4t3IC«¥. \>l&tk(N,r)M(N,r') fMtfMftSM, }t't> r' = r <o 2 mod N , II to & [V] 

Ikimttig AC •fWitSflUiUffflttl&iRft (Bg>i<7#lSR&*8gtfj ACjiitM. W*re*Sg?£iSDI'bW <£##jt«i[83,240, 
115])). (Bttl) ia^xejo.1}". Wj^!|(i„x 2 ,-,x„). lMl^yi|x' = (x,©r 1 ,r 1 ex 2 ©r 2 .r 2 ex3®r3.-.v 1 ©x„©r„) . 

ft 1 ! 1 '\,r 2 ,"-,r a e {0,1} . ffifi: x' {0,1}” n |-.i5j6j , H. parity(x)=parity( x ) ffir, . 
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$ 7 v 


(7.1) 

7.4 (ii«W#l*lia»(*L.Levin*tH))3f!lffljlfflM#t^:. —l^^iWlHJnT 

ft*: sfr8S»F, 43tt(A/,:c), W|x| 3 ^i+#o 

j£jt: M##.—WJ F Ji—TO±|i?E 

iiE fi 3 ii Ct 3 #■ |nj a 3K ■# £ Ht. # £ nT & jfc * Htf fu] rt $ II & fft £ fa t® if. 

7.5 *f^/>i, raWT2'-l^#MM&M£M"±i^^fc. a*5R^iiJ±iS 

def 

2‘ -1 «#, j, 4r j =© yW *' • 

ft*: |r J ®/=ffi, £j( s', ^ JSL 8.5.1 

7.6 (Jltga 7.7 ffiWWftJB) iiE MX* ft ft xe{0,l}" , %£&&&* (7.6) fl<J 

5 V : {0,1}" -> {0,1} Wfj/ts iTjfafa. poly(«/f) ifcJn$niji L B~Jt+'IUlr x 

£frfI^M4l§ l/2o 

7.7 ( ftJI 7.8 MilBJJ ) SJftftS 7.7 ft<jiiEflB«±iiE£ 7#£~4 poly(/»/c)-falslM 

a*Jl A/, ftftjttftftSUE. Pr r [F(r) = &(x,r)]^- + * W 5:{0,l}" {0,1} R *s{0,l}" , W 

Pr[M 8 (/7^) = x] = /2(f 2 /«), ffiE&gteTftS 7.8 (ft$±, 7.6 

M)o 

ft*: M 

7.8 -^^^Wfa]Rjit#6<]iIislZ»:{0,l}*-»{0,l}»^iiffle(]fflj«^>llulis|, 

teMQftmmf, a*, ^.mi.i ^mw^“immw’ 

ft#fa®»/, »il«fi/'(*,r) = (/(x),r)Mffl)«^Cf, £*|*| = |r|>. 

xlft'frigid. 

ft*: £ b * ii ffl to ffl xl ft if *3, #4 / *jftt:-4J£fa » ft. #£Sft 
/'(*) = (/(*)>*(*)) ° 

7.9 iiE RE $H ^ ^!P 4&47 1 P/poly, 0W £ P/poly 7 1 . Sfc—*fftft 

5:N —>N , &JH JVP 4 , * > MRia^#4a*A s lM£43tt!u>0, e 4># 

£-4fa^, ^5'(”) = 5(«'). «i£4^i61:“/L¥£fc£t” 

ft* : a^iaj^»ajvp*^^e+. m^sATiigjSiFs, m*t 
*e+*4fRis. *j-t wi#». 

7.10 *t ft .ft a ft /: {o,i}” —> { 0 , 1 } , ft it - 4 m M II ffe ss c„ , yi ^ 

Pr[C({/„) = /((/„)] ^0.5+ 2-". ia-^a, Xlfrftft / < 2*- 1 , ftit~4ft£3l 0(*-ii) Mfcft 
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iMVUiSHt 

C„. M>£Pr[C(t/„) = /(t/„)]^0.5 + /-2- n o &M-. ^IBfi«Pr[/(£/,) = l] = 0.5 . 

def 

7.11 ( g$IE m F 7 = rfm + 1. 

^ p:F m ->F cnk£tfi£., S.a v a 2 ,--,a,^J F ^ /'NM^TGjR. 

(1) M*tftjtx,.FeF m , nTSp(jc + a 1 ^),---,/7(jc + a r ^)MHa?iit^/7(x), Jt-ft * 

Sl>> MM w4tftito 

(2) i#Mff|jt6rXaeF\{0), r e F m , Jl!|j& a: + ar ft F m ±J$$J 

/?(x)rTe£3 

7.12 (ftftifM) ftWXtftfttfcF&ft*M/:tf"-»F, ftftM «-M|f/|-1 
'A£Mftf:H m -*F, ffi&rt&M X e H m , W/(x) = /(x). 

«*: SJSC/(x) = X BSlf -^(*)*/(«)• £+*.*-* M 

^(a) = l, tf a (x) = 0.«F»Jift. ^...^ (x,,^,-,^) = n",n^ (oi ) 

((*/ -*)/(«» “*))• 

7.13 &f ftS' IttfeM. 7.12 iEBJ§ £ ft # 4 ft ft S ft g, *t ft 

S'(n' + O(logn')) = S'(m')/«' SI ff(m) = l/w\ Jl- (S',*)-ft ftififeltfj. 

$175: #fSii#^jSC^J®2®[ gt *$Mg(x,i) ^T‘/(x) / fttb#o 

7.14 ( 7.8 ) *f ffiS /: N-> N , IS A:{0,1}* -> {0,1}’ ftM (aS 

MIH&S4), ii£*fttjt*e{0,l}’ , W|A(x)| = /(|jr|), {^„}„ eN 

5 : N -> N R e : N -> (0,1], ft M j-flMSW W n, ft Pr[C„ (*„) = h{X K )] *S *(/»). 

fK Kt s': N -> N Si ft: N -*■ (0,1] fisjftiL s'(« + /(«)) ^ s(«)/poly(n/£•'(«+ /(m))) ft ft (« + /(«)) = 

n{ n ) £ (nf {,) . MM 7.8 7 ttft* s' -ii ft {c;.} n . £N ft£*£ft:ft 

«' = « + /(«) , W 

#+*0'.'-)^* y 5 r II 2 ftrtIR. &M: in* *.£{0,1}" ±#*3#*, jKijiiisi 

ti(x,r) = b(h(x),r ), ^4* |r| = |/?(;t)| (s',1 - 2s’) -ft nSi&i&tf')* ltfcB4, ft W PJ £n i£, iniS: 

£•(«) = l/s(w) 5. s'(n + /(n)) = s(n)°-^ /poly(«), RlJ W j§ s' -ftftifi'fiift „ 

7.15 ( ftJig7.14ft:igifrJig( & Voilafq Wigderson & Hi ))i&/ :N -> N , h : {0,1}* -> {0,1}’, 

{^„} npN IP b inftH 7.14 ffij&o ■§■ H(x,r) = b(h(x),r) , lg 7.14 ft, %$WM\ h 

ftM//ftM. aft. S3i&-ft£faft!J3ft. BPMinU // £(s,i-*)-ftftMft (ft 

{x„} neN ±), JI!lft*j'-a«W*»it-lfA K4 3 5'(«) = 5 ( rt )-°( / («))» 

m*-. js«!i5feisa#ft-^5'-a«w**. 
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$7# HMMtffilflJjfe 


]£ 7 — 4 ±9 '>J 4 (ft rejO,!}' 1 "’ . W Pr[6(2f,r) = *(!>)] =(l + />)/2 , K- 4 1 

def 

/? = Pr[^r = r]o 

7.16 <*IJJ8¥#*fett*l8MUfc) ^C:{0,lfx{0,l}%{0,l}'ii-t S 

£fca|j|—i3U7?<J$c£l£- y NiiAo 4 **0 

iiEM£-4$ 2 6 {0,lf , imrt c 2 (x) = C{x,z), W Pr [x{X,C z (A)) = l] 2* Pr [(X,C(X, 
Z)) = l]o 

7.17 (ft “»*#*”) b( y ,r)%^m&$y 

^ r (ft ft 2 o S 8 F'(jc l ,x 2 ,---,x, ( „ ) ,r) = i(/(ac l )/(x 2 )-"/(x, (B) ),/-j , & 4 . 

x„x 2 ,-,x t(n) e{0,l}" 8. r e {0,1}” * T - * PT iS M W . & n»t{n)-n % M %$ , iiE >$ 
F(x) = F'fx.l'^j 31k 7”-^nJlSIWfK). ^£4 /'(/(«)•«) = /(«). T(m) = T'(m + t'(m))-0(m )„ 

m*: mt f' wmmmm'iKM f * m. , 

X ' = ( X \’ X 2 ’ —’*’, (»))%■ r = r l r 2 -'- r ,(n) ’ =1 ^'ix; = X j , iJW F'(x,r) = F(x')©®^ =0 /(x;)o 

i^MBt#7-^*F'fiJ F z = z,z 2 -z l(n) e{0,l}"lM 

ffl/SfKl/(z I )'(i'f7^/)^K.o )^7filiAx l ,x 2 ,"-,x ((n) , r,r 2 # l J30^ c P^- x' = x, ; , 

7r HO » 4 x' = z ( . R lB fa F Ift i6j fa x' = (x,', •••,*,'(„)) , # M 0 F(x')© i;(J=0 /(z,.) o ~3 
(£53^7.16)= ® 

7.18 (ft “«***” mw ttis-^fifawegio 

BP*t4.hM FRF’, F £ 7*-*nTi6fclW. WJ F' 7” 

/’'(/w + /'(w)) = min (r(w)-0(m),exp(/'(w)/0(l)))' 3 « 

H*: 1# F BP^ft;tx = (x l ,x 2 ,-,x, (n) )S. 

r = r \ r 2'" r t(n) ’ ^®ieS,f( X i) = F '{x,r), g 4 S r = {/G [f («)] I/; = l} = AM: 

4f(«)/3 4TMMMl-exp(-/2(i(«))) o lilitfc,/W/(«)/3 4^11M^^HTW!/3^^/(/j) 

(*'Jffl>3iS7.i7 W«B5^S»*M|5 r |>/(fl)/3W1f^). /(n)4filM 

IMbT* 3 41^ (^44/(«)/3 4H) nm, 3 W». JAM 

7.19 ( ft “&&&#■£” ) ®m& 7.2.1.2 44, *t ills] P' 


® ibttMa. tthU&im'VfrALlftK(U n J(U n )) flfj/(n) tft*. #*f (x,r) = (x„x 2 ,-.x, w , r„r 2 ,-, 

*•„.,). MJe. fcffl3J@ 7.16. MiHi. iffl 2W8 A. 
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p Mil. ftiS-'h&lSlJBgJ. BP*f£n 7.2.1.2 WM p #op'. 

fliJtejft t4 K&4Sfti+J? /» l/7\ 3£>B 

T = n(r) o 

7.20 (jga 7.14 7.15) 7.14 w—#jtr. &+/*!*» 

SfSt, ^^./ > (x i ,x 2 ,---,jc ( ) = /(a: i )x---x/(jc,) o 

(1) p,{c„} n£ls ., £0rWJ£#*fcl «eN, WPr[C„(t/„)* 

/(t/„)]>i/p 2 («)> WPr[c;(t/ m ) e p(c/j]< £ », £ 

4 , ff'*Pp'inj£3 7.14 0r&. y#{t/„} m:N 

{x n } neN , <£+»» = /(»)•»!). 

(2) 7.14 witrfesjts 7.5 

7.21 (Xt7.2.1.3l^£lttt&tt) #fg*t£ji!.7.i7 M£n~FM. 

Pg*(l/ 9 (iV)) + a(JV)Wtl!HS, M^nPSa(W)„ii^j0WS^lT(^4 I p*El^W^^^): 

X't'fim <w:[/(A^)] ^[^(7V)] ^ jce{0,l} v , j®>£ r(x) H co ^ (l ~(l/q(N)) + a(7V)) , 

««*p((Iog2V)/a(Ar))W**frC, i e [W]. C*(/)* 

a: MU i bk#o 

(i/ 9 (^)) + .f(7V)M/^ii]M^vt@:g(t/ m(n) ) . 

(2) ( BP <7 = 2 ) Jtf, (1) +M»nJffflJ-^5''-7Fpj3fi^i|isl, 
K4 1 S"(/?') = S^/w” 1 («’)) ^/poly(«')» 

(3) M Hadamard %&&&&!§&} feX'Pftftf&ttm ® 

HtF: 7.8 Wo 

ijE0j$q^r : {o,i} A '^[^(^)] /(A ' ) ^-^^i^)ftMM (^-tc) m, wmnn^mf 

Hadamard 7Cfi^ ( {0,1} A —>■ {0,1} /(v) “ * So IX 

^ q(N) ^ poly(iV)0t^'{S^^5^MS^ , l4o 

7.22 7.16 7.19) 7.16 7.8 7.19» 

J|7K:&.||: 0 , biTJS 7.16 ^Jn^Wl'H|Rrit®M®l5f / . fisj/£ |/(x)| =$ |jc| , 

_& *Mi ,a $Mi j*J S'(«') = 5(«73) r /po]y(/j')M {c;} n , eN , W Pr \c' n ,(U „,) = /([/„.)] < 

l/5'(«')o 7.8, ijE0BP(x, 2 -) = ^(7(x),r)^S"-^Blje^M, ^4 , H = |/(x)|^|x|. 

5'(rt") = S(«"/2) /?(l) /poly(«'') o &M: iPSS(n) = 2" W , M S"(n") = 2" (n ' ) . 

def 

7.23 ^ G (^Pyil 7.22 M). S c= {0,1}" J.a = |S|/2". ffiaj 

G(£/ 2(f )«ItHM n 5 fifjI^^fmin(« a,l)/2. if—^Ife, M 


® Hadamard t§i(33#«*S53 ( *T-'hMffiUB. ). 
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a*Sl/2«, . 


f n \ 
\ 2 J 


a 2 o 


fclSa^l/n, KlJWate: 511. G(U ln )m& ^BU1/a l#«I. 

7.24 ( #[p]iifc^^nrMifi5i ) i OmxLX 7.3) MG-m$M 

^7^imi0]i+J¥itt> r-^TOOTisie<J#^'tt (*n£.$C7.9), 

&7K: 7.8 g(jc,r) = (/(x),r) 


fcxftxmmh, ffi&h(z)=b(g-'(z)), mmm.mzi%& t, h^r- 
»/. ^®inT^jscw^a»As /-•(*)={*:/(*)=z}ffl^ii^#?ij+ittig / tt# 

^7crlft, ■§■ h(z,i,cr) = \ (#5jlJ:Hk, /"' (z) = </>, WYMQM i Jkcr , h{z,i,a) = 0 )„ 7fe 

it: h M (£**F1#»T> &ffl£3S 

7.10, 


® Hiit. t> tEW-a}Hf&Tzif&gi§,#n(fy (ftijpf*4"^iSia»/’. f{x)=^/’(x) ). 
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( 1646—1714 ) 


EO>ff, WJtt*i2tfH>Jil«#lA<J Ci^ttBMLM). 0jfc, (ft) 

JB&. 

«i»flf»T, &M£iAA. (TOa*tt#l«), 

mmji. &$t 

?|J, , Jfl'JnTfti&Stffllffl^B6#U*7U't', 


s4»*i6WE4y-#i«sfi <api#£i+ 
m+mm& (%m&Mm-\-ns.&m)o 
ttl»*n.*S^«WAS^ : ?jiRrW*l6ft#TO@^W*«S5fe*. jW, 

ffio mm (iifflW) 

^mm (MM) 

mm, iJkirtKSttffltbE^# «ttn»±iMWttiS) $ 

(IP 'BTT^T), ttfcjfc£££*ii*, MBfiJffl e 


® jiMSI-fif/EiSifK) “ 4' n IE M l“J ttfiKM 1 !" ( Principle of Identity of Indiscemibles). %ii4'JtiKlffl4’’lfi'W(i ,l l J P 

H^J±*fi!tnifctii. gjifc. ftf]*|{|Mfe-)£&yrn*4tM£S. £'l"SM##F*i>IE*> 

<»*!»#)* Jiflil^fifl. 





a— 


Mtix. (#M3i) (fiVMtii 

nJUT'fomT- i+SfgMfelI&» 

?IW 

(^AinXIEit 1 ). W&l«tt.ttinMMW^rRia. 20 li^/g 50 

AOJEuET 3 3 

(ja#%Xi$[63]) * Shannon J§tB [2041 , \k ABIIfltfeft Aft .1,MSftA, &X 

<f£±, Shannon ffiftSiSM 

ittBtftmSiiSiJftA Silt, 

-i$$35HU o ftSIWi, M£X, 3Eft*tfcfSMBMl# : 7 (flUfctfi) M5o£Mf/l 

EP$o 

(JE##XS^[153, 156]), Efcl SolomonofP'A Kolmogorov (l47| -f0 Chaitin 1 ' 11 ^ 

tti, ffi 

Tfese^inraife, e i . 2.3.4 i*). 

•&m cmn^m ® ' * 

Shannon Sik+iH!^* 


o A/ 




M, £S#31ifc4>, ^»- > N0d£Wtf*, 

£X. UMt (fl&fctti) 

(##?) tt 

AWA. «&#Mt&;&£S^afcvf*#MBA Hilt. BK 

fifit/Ltt^X, (JJlJfcifc) iiftSifcM&'CfJi, 

in®*tB*ifiS«ilSE#i^X‘rfc. PJU*W#ffll^. M.M, *MR$ 

Hilt. 

$Htf) WMUtt, (£gi+#tBA> ffiAWMtto # 

jginTW^Aifcj®. 

Alice ^P Bob AAA-gcMrfiiSMfc. Alice »—tt^W®i1i. 

]3E*ite^mrttBob^^ 0 MBobft^iiJMWM^iR^Isl. WMAj^APWo 

£ Alice MifiAift, Bob MM, jifcftt Bob 

% 1/2. 

Bob mMiltBtJ^PliJffjW£ 

&JR#mSr!5MiSiS&«». f0 Bob Atilt A^'/it®, Hllt&raft&mimT, BobfctfWlft 
TOA l/2o 

mx#AA^fi-i+*miA ffijitthr Bob Tmim-wn&ft&Mmmm? 


® ffiinism Kolmogorov 2f?£*« hJif&«fKl (H[J Kolmogorov ® ife® jik A °JiH£ ffa ). 
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M, ^iTo, Bob Ah£ AHS Affl iF. AM. 

0#AiA Bob {£fflWi&&Mjaiy3$AWitffla±, ilut^/Lt£j|?j©^jA'f§l, -jf-fit 
o iftBt Bob— 7£#*yfflMWiittA^IEAMo 

wj a iaa aaa st ,& 5F a a a w a>i m #tna m siw. 

taimte (fflAASrWW) i+MMWM, iHBj 

&SWil5$*iffA (M) ^sWM&WAo £p*±, 

taMAw^A, *«ffl*^£§iii§mto 


mm smwid e#. 

m&if-&%&> ^ASMAtSIx.AHIIW “AMSL” ia^KlEWMJ^y (Slifl® 
^*g^WW#i^£1£AAte#&BA JE8.5U) (ffl8.1). 

^'J 



:»/WJ 


S8.1 tt)Mtm'R±Wr 




iT>% > 


AitAStelilAAttMttW-AAffl-MiiSmif# (iS'/i^E^tl) l£Mo £-A 


jfcj^iilibiJftSfcftJ. jfi—3S±tk, 

—(GS/iiW) 


AA. 


Wo aiie f is§wittM+- ns&mm 

&& (mw> «sitA£'±t§ (ja 8.2 m ggreiR 

mm, zmMUWLM^mmmmmm^im^.% oM-wmsw) k«. &=kmmt m 
MMmmtMfcmm a-, mie^, 

itfAft#, ^#PliJEb—tMSWKitTL^ftT^^o #SiJ±tk. 


) M#^-A0£#r&o itmm 


.& 


< W '& A IS A ,s; 1 * A fa #J W tf0 


BA (SA 

WMSiJWMSlA 

8.3 17-8.5 AHii&MA&Wffijio 

SI: “&i&M#l” W/t-FiJo 

®«.)o mmsaamaa, mM*%&mmi¥^!&mmmMMmm!¥$mm±)m% 

WPBo ASife, 0itk, 
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$ 8 * 


nmm 

8.1 JR1K&. 8.2Df&ajafflttlffitt»:££SMftfi&W. M 

®PP#S*BS#Ufcto2i£»; 

8.4 8.5 


(JJL 8.2 f )o + #**#*##*, 



£*&*«« (M^ D.i > u&m ifimi (6.i do. ##jj&, 
(J&Pff^D.i.i). 7 


8.1 ii *H it 


—r&^> E^awfflwit 


r**» 

®i«t, tb#ft^r3K* «*)tk«p»ai. jt+/(*)>*. a 

ft/:N->N*^r3K^ (s£«M). am 

JE 8.2.4 Dr). 

i+3PFRTE#tt 

“M” ItlfUIS. BP^R5fe»®Wir 

w^yij. ft Hi*. #fi o i^e#2§ &&jm crh) b&. m 

*^SG«|J£T46ft#« *H£il£>e 23, /ej, W-R0rWJ£«tf:M *. W 

Pr[D(G(^)) = l]-Pr[D(L/ /w ) = l]|</(^) (8.1) 

*#tfe^«pa#WE^#D«E*->hjK^#, is$a*iJ#J **[»«$* £££»tofifi#Ufttii 

UI3AMC(G t )) 3i*->h£iEtoHtill$ (flRAMMfr^*)). st, (8.1) + flfcfcf|=3M* D 5E 

BP&*&->h»/J'g».l (AA-A x*)) 0-f, D Mft'lfiftTMtBM 
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n r/u^tt 


W^fWS^^'oo 

MPim&M&jg 

(S3£8»a (bp^t) fcjsw£#a>. smafc# 

&#JMi£fc. &M: (aK#5^tt«JaW. inisfrlti- 

|S]W-bPS^/^JaUf (Double-exponential) @$50, Piy't^Iii;& < ]Blt/liS(^4.^Wy.^ii / fi'f s J3E?H^ 
&$KjifeS&3$ (I3I8.1). 

h, —BPBS#i#TW-fc 


j$. a#* 3ei-&f5jBt, &t, asa»^ag 

as«*tt;L+£« 

ft$&#}&&, mac., Pd 

—££»TO5fe£s/8^ft*s^Mmffl+ (8.2 nmwmfrm ). 

(2> ffis. 

(«c-m^8.3TO^^tSo) 

3*h, affl&5$S&0!lteitt. a«»r^i£E4H* m&££2§) WMSs&K, MBtfsi] 

RlfrtpMmMKfrm* 


8.2 iftffltiftRt#lft££ 



M«i+#MT> Mf-#&M 

* mac, (bsm& 

tu^jso & -jmijut- — t\m-^v,mM\mmt)m&inmti 

mmmo u tm” mmmtmmmo 

^rWW^M^-^fSf^WM^JSlS. 8.2.1 fi&iliI)8ftl!Sj(l»S4* 

M£j8C. 8.2.2 ^ffiiSIM 8.2.3 ^SttJPFnTE^HtW** 

(jc. 8.2.1 m. 8.2.5 uri^a 

ffl$«$S(££3&ltt#£tt. 8.2.6 1?i^it#^nrE^H4M#-i!(IS^o SMS 8.2.7 Ui 

tf&m, 


® ien®»iiijnrKt#^ftW$*wws«uit «£. hm. ^*^^**4 cm (8.d b**n- 

/S'J'Tff:.ffi^Hj.®#SWia». fciBr-'hefittjB <*&■»(&. Sts. -^®#«ma#g«Mt&-l|5Hj;g!SA4 <fin 
£ «m & * ?j £ p £ p p {i s ©. * w a ». iugten^sf^pjite^pp*®Mawa»). 
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35 8 $' 


8 . 2.1 




£jjSSWIiO) (#*iI®Jfj4W) 

S^SStrT^ia^W^^Wra. Hitt, 

E#‘*tb££#g&l£JEffi. tota, EM ftt is 'if W|h] %U± 2§ is if ftt In] tfJ 3 &#. &—/£ 

m, ft7ffi73t&±Mrjg. h^#e 

sK#i£, E#»flBt&aitiira#E#JMlK$ 
nrw,f.^ito ® 

8.1 (»fflMttfi|;&l»:££») G 

W3fe®ft/:N->N (mUrtfeM k, w/(*)>*). 

SS/). ffitflE^JSSiSp. MMSIl, W 

Pr[D(G(U, )) = •]- Pr [o(t/,„)) = l]| < -^-r 


(8.2) 


&*G J ,£*{o,l}"±Mi&*3$Hii. #EMf§]3)(/* (i^G /(t) ) d W0rfP»rfllWrt» 

#L$(o 

^jjcs.i pt* (8.i +&hjw) 

mmm£, #4 (s*w> ®m%±, %x 

8.1 + MJg»J£8.l (##£ 8.2.3 /hWtt-2H*Hfc). 

M: £j8C 8.1 ^r3Ka«/:N->N#*ttfiM5?^. ISj?7—JRttifcMKsfe# *, 

/(*)>*;£#. =m / *8^:, ttisfiia^^sitawffl. / 

(Hilt, fk-'i'ZW^o 8.2.4(BP«WS*r&'(*) = * + !) 

#*PtJiC8.l 

AMA¥» 

8.2.2 iiJsiffl 


(JE#«S/C[l46p. 


MMM (sJUfc#). M, ££*M*&&ta##*n£;iC8.l fflS, & 

a “VMill 

&#—»tt, &x 8.i QtsTift Worn 


© 52X8.1 WLWrfj * S'** 

»*S«:3|BJ'&*&fi9 (Mtt4, K- , t , WtC*I^«Afl ( J«!l»iK»ia«*»). fT.Si«?}W«t4 ; -/t'Xrp.TiE.tX±Mftl®fi ( J: ffl;S 

W«rS*»«445K(+.Wi*#. <W)*®iO )*»#*. i£*#&'kM*4 5 -0}nT£»&. 

© jg###is8**jijiji:wi!ij.n:a:ft!|«jatTH¥: a-A-^asiaif"»rtfia” #;»w. 
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it r/ u*ti 


mmmti um*. mzuw&mz* 

TI»#Sltft#. 

Wit 8.2($|&ft»££8fi<jftMl&ffl ) & G Pftmm% /: N -> N o 

& a Btiujra. & a w$tA * \rrm$\>%i 

AJ^yiJ r e {0,l} p(W) ^l*,''). #JEt^PT IKlKi#U¥& 4c . 

>(f T $#A jc, 4‘* = *(H) p{\ x \) WH / J' > IESy&, i£l ^ iil# s e {0,1}*, /±J 

A{x,r), ^4’r^C(j)0<]p(|x|)-tb#Mo 

•tefiJlift. *t H = k{\x\) = argmin,. {/(») =s p(|x|)} , W ^ (x,s) = /*(x,G'(s)), 
<5(j)Wp(H)-bt;#ir^o 

sift, mmmiA G mx^A, 

^nJtfeifefCBPx) wirAiafi^ra. wr. $ph/(*)=£ 2 , 

KijBgirLtts^ss^i^fK^V^o 

#1§8.3 i£/K P%Q G #P$ji& 8.2, #Hg#p:N->N fcJRl*, ®|*Mi*—. 

5Sntra#&. EP-t®iSFlPMSr- W 

I ^(''H-krH'-A 

*<={0,1}" P\ n ) 


(8.3) 


-Pr 


7’(x,,4 G (x,£/ %j) )) = 


4,rW = P f r(x^(x,t/ p{H) )) = l 

ffi#4c^*Wlftm-^i< W^HJ^rTE^. 

4c. a# “gtf" M, 

4cW»A**^8*#^i te ^W. ififE A & 

^®4*«!ffljrft4eMfctoitt. wana—#*» w . sift. T#m\% x , ur 

^*^(*) = ^(x,t/ t{W )Bjt*^(x) = i<(x,t/ p(W) )^fl«i»dl. %a 

8.2. 

ft®-. mmm&i&, 

D, ®Gfif)|tli^KM, Xfffiftxe{0,l}". W 


4u- (*) = Pr^x^x,*/^)) = l] - Pr[r(x^(x,G'(£/ jKjl 


= 1 


(8.4) 


m^G'(s)^G(s)ifyp{n)-bmm^o Sift, M|4,.r(*)|«AM* 

^ 7'(jc,^(x,r')), ^4V^rfft/?(w)-tk#Htrg?. ^iLbJKffiBj!], (8.3) 3£ 
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$ 8 C< 

ttrtm e ^ F (>*) [KrW|], g (mmmxim&mzM 

xbTuEbJS—j&). isTF^Hi. 

§mi, %mtinT$mD: ^«Ar (^gT^ Wn)) gcG(t/* (n) )), imz>tr 5 fc#fij 

x<-F(r), nTM^ i+ni" ^p(n))o T-p, Dm 

M y=A(x,r'), r' % r &] p{\x\)-tmm° *)5, D $bulH T(x,y) „ ji-t: 

#R 

D{u im) )^ T {x n ,A{x n , u Pw )), £+*/=£(]") 

««& ( 8 . 4 ), Pr[^(^ W) ) = l]-Pr[D(G(t/ 4W )) = l]^J?[^(F(l-))]ffi^, 

£[ 4 . r (F(r))]-^^pT^iiis^ (w®j, He- 1 ? g &wtmm 

bp u e[a aj [f{ r))] ot^ib&” (##£[| 4 >t (f(i"))|] ws*). 
J e-[|^ 7 .( J F’(r))|] (M^^^r^O"))]) nm*sDm\m&o am: 

rn, ^[^(Ffr))]##*. qD?tx=F(r)^j^^ >r (.)^#^, #&&& 

& d W« 5 *o &mZ, fc&JSM d ^ 4 , r (x )>0 ftijttB r(x,^(jc,r')), ^flij, &tH 
1 -t(x,a(xS)) 0 jam, &immuT, x im&js&s d ME#«Jfiq|4u-(*)|- at-a* 
±fe, 5ES&*, $u«K,rW|^^. ra4/W>OiI4rW^Oii^il^. Sift. 
K^«KrW|^AB 4 , IEi$#lJ£ 4 «,r(*)ft^BPnT, (M) RTfifMttfc. 

^fcai^inT. 

fflMiia, |4, r (F(r))| >*(«), r cjk 

<?(£/*(.,)), fcgfcJSMJfft D f 5 fc»fiJx«-F(r), g-^SA^AtSIsK 

poly(«/ff(n)) 6 ij^#fe® ^(x) 1 ?Pr|Y(x,i<(x,C/^ l) ) = l) / 7 c (x) d = 

pr r(*^(*,G'(£ 4 ()0 )))=i , eta 

exp(-w)) (ami'J, Siiy^ih, Z)ftja^R^MT^Ar£ft-|£JEg, 7 «) ®„ 

A,(*)^p c (x) (^ffrlfe, ^B§4 >r (x)^0), SlijD|siil±}r(x,y4(x,r')), ^jjjlj, 

1 - T{x,A{x,r')) , r' % r M p(|x|) -tftlSM, #a*5*c-«, i& 7* M&tii J5TF {0,1}. 

® Attlft. P U (x) (sE p c (x) )W, 5fc£$ l/^, (BE C’(a, w ) >M~f #*, ff ^ w r, BP&SS u M (IC'( C/, w )) 

n, r 2 > , ",'i ’ tt'f 1 / = o{«/f(n) 2 } . ftil'JtSW {/e [r]: T(x,A(x,r i )) = l}|// JKtt® p u (*) (BE p c (x) ). 
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%mi £> Pu{*)ftPa{*)2M 

£%&}JEmn%., K'J X M D M 

a/(*)-p c (*)|>*(«) /4 > »J Wffifclttttfcfc* (BP 

1 -exp(-rt) ) ft*: 

#SW<i» (X^F D ME$H*St) S^^2|/>„(x)-/» c (af)|^ff(ii)/2 0 ^r±j£i*^#fg, 

w 

Pr[oK»W)) = 'IF(l') = ^]-Pt[D(c(c/ tw )) = 1|F(r) = x 

^ l/^cr (^) - /^c; (^)l - ^(^) 

^4 3 ^|/ J t/(^)-P G ( J(: )|^' e ( w ) /4 Bt. rj(x) = e(n)/2, ^flij, 77(x) = exp(-«) (^£±, n(*) 

lt4 , ^|Pi/(*)-p c ( J[ ')| s ^( w ) /4 B}, 
(&igjlHl§l&fft)-igii±Ri;ft *(»)/2 , M'^\Pu{ x )~ Pa{ x )\> £ { n ) /A Ft. exp(-w) ^i^M±|Sg). 

lit, 5$ (8.5) W^M{tm^^Pr[£)((/ (( * W) ) = l]-Pr[D(G({/ Mil) )) = lJ WTPB. 


(8.5) 


; max 


M*)} 


Jf€{0,l}' 

'I D it f H't IXI 


4«.r M 1 "))!] - e[/ 7 ( j P( 1'’ ))] . £-£- f[|4.r (f(l"))|] > *(») W««-*5 

(«)/2 , # Pr[£»(c/ /Wn)) ) = l]-Pr[D(G(^ w )) = l]> f ( W )/2 . 

poly(«/£■(«)), G P^S^ilEo ■ 

Hitt, amts* 

life l^fft ft »JSi ffl fSPf w i® m tt im . 

8.2.3 i+*^nTE^tt 

(#fflft> j£jSC8.l ^Wit^oTE^tio 

82.3.1 — MWstZ, 

i+J¥^nTE$H4 (M—®^J5C) 

HMn, ^\z n \^p( n )%\p{\z„\)^n) a ^{^} n6N |n{P„} n6N it#^pJE^, MttftMvttf 

ttigikA, tS^M^(n)=|Pr[/l(*,,) = l]-Pr[vl(y„) = l]|:Ji^ n WnL&MM. BP Win 

TfeXo 

^8.4 (tt#^pTE^H4) »Sfa]{^} neN ^{y n L N ^it#^pTE^e<], 


© **±. ***,(*)»*(*)• mvmfa% Pu (x)-p c {x)=\p u (x)-p c (xX, Bsap u G)<p c G)ift- dpj^bkt (i-A»t,(x))- 
( | -Pc(- ,c ))=-(p [ /G)-/ j c,(*)) • •S&^y|/>u(*)-/ , c(*)| • 
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'nlM-'&D, &MiE£M£,P' n, W 

|Pr[C(X.) = I] - Pr[D( J".) = I]| < (8.6) 

(g|]^„BKy„) a (8.6) £&& 

K&nMmm, fti^osiEM m, ^+{^L N ^{ r -.L N w^jE±^. 
asmk%. DJi*^A. 

a “i” 3?^ £> Mft#Mi£it»±*nrE#, *u*n£ d 

S—^RTffWSff. (03;^#A^£3I—l MMJfc 

i w«^Aft«ia). (8.6) 

M&J® (JJL^JS 8.3), T^BPJitmitt;. 

H8.I «±- ^A8.4M 

3.2.32 

$ng*r £ p 






] 


(gp-X_.| pr K=^]- pr [>;=z]|) ±n^ i/ p(«)o mm. 


MM. afiHS*»Wfi (it^^ojE^ttW) W/LWfifc. MM 

££±. tin 8.1 ^$#MitS§^igi2EM{Jiit#^oTE^6<jm¥Sf0l (Ja^gg 

8.1), MM, &J3& 8.1 WMMM4 1 , ®&Mi+)l 

*WE#ttto#¥/L1*»MflS3K®, jfcBt, 

£*M5£jSC (Ja:gtl 8.7) tl$;T—iEMM 8.11 M0J, 
&'S.ia{iit#f±^BJE.^K &® s i*>Hfc#gE£*#M, i&JiiBSW (jaM8.9), 

13.2.3.3 

(BP^X 8.4) ^^AWE^SRTW^^eW^NR^afB] (BP 

RL»IU kN )M^. 

mz -W^i4#*(KiE^#. 

8.5 (£^#AftJ^oJE;frtt) 4-*:N->N3j£JS5^#aSfc. 

{^} ne N^{ r »LNE{3 5 (-)^#Ait-#^0rE^, 

W#0rWJ5L#AW», W 


p r D{x^,x^,-,x ( ’ (n)) ^=\ -Pr D(y n (,) ,yj 2) ,--,yj j( ' ,)) ) = i 


p{») 


4C-+ x { n l} m Af (n)) #n y„ (l) m y„ (,(n,) s.^ x® ^ x n *s m , ^ y„ (i) h y„ * u i^j 
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ii r/u/i^ii 


5(r)^pz„^^j+@[si 


IZS'IK 

ifrjtS8.6 T§.x d ={x} *ny = {y) JJ'J x^ y 

l n )neN l n >«eN 

gjs 8.5). m«BS^TO^3te<]W$fH]» ^#*w^RTE^tt^r^#+w^Rr 

E3H4®. lUTiJEB^fgJ^ife?II^T—#^'H'iiE0JS^, »Mi=r (Hybrid) ftA. 

ffiui#®: (jemm 7.2 no. ^#1 = , 

y, PJte#£,i5$3fi£, 

y o (Hybrid Argument) ffilJI3&— 

i^7t%^X n ft |>N¥*, “|s]^” 

m\\ muE^^im^K^mi¥my m u n^ n mm (iP&- > Nfn*j§- > HG*). hew 

M*tt£ J F*fWiB7G*fi‘JE# (-^fxi&^jf) MS^#XtB#5U 

^^tT^pTo 

Etjfiffifc, ««DSBE^S^ 

^<5(«) 0 (gp ^ = (^°, Jf< 2) ,- - -,^ f) , r„ (,+1) , r„ (f+2) .- - -, ri" (w)) ) >, rmj d tg y. 

(IP H° n %Q H s } n) ). 3J3&, /) (HP*f^ 

#U4#Mi. DfgE^//:-^//^) W&KtMd>*j*(«)M»). AttJSBinT: 

^.(..,,,+H) [Pr[o(«')_l]-Pr [d(h<;' ) = l]] 

-7^)'|'(^[o(";)=i])-p'[o(»:*')-i] 

1 /_ r_/..n\ .i _ r_/..,/,w ,"i\ S(n) 


(8.7) 


= 7W'K b E")-']-^[o("-' < ' ) )= 


(") 


fiJfflD RT#®J^i¥2|s:WE^SD's JT& D'fifitflft# 

/e {0,1,---, j(«) — l} , W i ^(«)-'-l #:|# 

$tA#«A&g i+l Itf, iE0DMiiiBo tfeHt^iifc. MA 

mAzUkRi&nmm^ u nmD’mm)A^(xi l \xi 2 K---,xi\zjt 2 KY!; i+3 K---,Yl; s{n)) ) 

Silt, ttD’tfiftffi 

(i) mm\mhK^x n , M#w^?he{o,i,-,5(«)-i}0t, nmD'm'M%^D(H^) 


® wi- / i'mm±tsmBi&£ma.mBiteV}m., je>j@8.io, 

5^fflii'BrM##3t»[9l]'t' 3.2.3 15. 
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*8 


m, s * (, 4 2) , • • •,4° >*„, y!‘ +2) . ^ (i+3) ,-» ^ (,(n>) ) - ^; +l . 

(2) ^JftAlRMM&i;. *5|/6{0,l,-,s(»)-l}»t, B 

a (4°, *i a) ,• • •. 4°, n, r„ (<+2) , tf +3) , • • •, y„ (l(n)) ) - //: 

0fw. d'We^siis (E^A n ^r„> njEfeii': (8.7) 


□ 


«£-a*—**«■ 


it#aciisaw “”, 

M (SP^nm^Mte). *#«8.6 WtiEW^,' W^xlt (SP//“ 

in//* 0 ) W*(«)-K#^^J. 

(BP»^qrE^tt). i^st. siit, 

t.t (BPit#7FnTE^tt) Xtffl^TnjRW^fJi. (HPtf-Jf*RTE#tt). M 

&lfrS8.6A<HiElH + , SM|b] ( A„ m Y„ ) l*Wfc&ifi$f*fc**B$|57G* (BP#»MW5!l 


5 s 


(3) 7C]^ 




*MB4PS-&WiHf^nrE4i‘tt. Mite, M'teStM “KttmM” £t$T 

*#jS8.6iE0j+. s{n), ( 8 . 7 ) +. 




!£#&#£*]-#}£ (FsIllffiM) | 


8 . 2.4 r*«»wat* 


a#* (8P^j5C8.i> Jttrsfcaftflwates*, BP*®**&fcb 

^itA7i)A^®„ 1l5fcEli7r&&£7Jlv£ 

I8.2 *. *Wft®r3Ka»WttRHn,»3fe^# 

def 

w*<i'r*/;(*) = *+!) (gm&ft) mw.m#s®iM% (ja^is 

8 . 7 ) (Fj-^i, (^a 8.D, 

ji-m^jmkj). 
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iHFUAtt. 


«it8.7 ixitem&w #.amrsfe 



K-+ x 0 = s ffi x,<y, = G, (*,_,) , / = 1,2, 


def 

G(s) = a { a 2 -a m] (8.8) 

•,/(H) (ip <t. Mi Gx ffi * G, (x,_,) 


im G Mwrsfe /. 53S8.11 'H&tHTE—ftftHfc. 

#S8.8 igG,fq Gim& 8.7, iG«)S-tttlil(lft*4#. 

®TO 8.2.3 SM (*f/ = o,l,-,/(*)) 


(SI 8.2), IP 



^ gj{x)^G(x)&}j fcMW®. (#9J 

S{0,i}'fa{0,i}*±)o WSroTnf? cap//* 0 #//**) c?(G*)fnG, w , ME^*4P7cffWISI 



a 


i • • • 


/-I 


* 


°)+1 • • • 


<*/ 


8.2 


•j ^7C 


±£ffi»!l!*B$P7G**XfcE#M. if ft 

Alfemgj£^7i:^o£fci£: 1 Bf, |g i (s)s(ff,g i .,(x)) , f£4J.rcr = G ] (s) 0 ;|%x &t(HUT 1-^1 — 1 


tfc # id ft F{x) , * Jg - fcfc # is ft L(x) , nl w ^ ric g y (s) = (l(G, (*)),£,_, (f(G, (*)))) £ 
(g, (i) ,g< 2) )^(l(G* +1 ),F(U m )), mijw 


-( C /<",i.(G,(c/< ! >)), % , ) ., H (F(G 1 (t/f>)))) 


© M jC,##X*([91]ct J 3.3.3 U. 

© raw ^«7c*wi><^ G^rn^G{v k )^u m mat. 

i (If {0,1,.-,*-1} ). (8.7) 
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$8 


n': x =uu-g l(kyi _\u^) 

3ft £ , Wx & C/, (l) M /*= £ W & g/(*)-/-i ift if J¥ E ^ £>. w W E ^ ^ f 

(F(G l (t/i 2, )),I.(G l (t/i 2) )))»G 1 (l/*)^(F(i/^ , 1 , ),l(£4??))-t/* + , , &-5G, 

«M##r* : f!2lTra > h«i 

(1) *j§££Mfc G, (u k )tf. *m a (u;,L(G t {u k )),g /( * H _, (f(g, (g* )))) - //; 

i mn&D. 

(2) AIKM#^ U k+ x 0f. ^tli[A(G 1 ',£(G* +1 ),g,^_ | ._ 1 (F(t/ i+1 ))) s H [ +l 

SD. 

Hitt, jftf«AG,((/ t ), »an w«^Pr[G(y/i)=i] (^Pr[D(//; +l )=i])o m\x, 

*m%%m)Kftt^isJMG x {u k )%\v k+ ^&ft' □ 

Jl!l££jai 8.1 MfcJiCT. TOM# 

8.2.5 fait 


&*t£«ift/&f!j»TOM (ja^JJC7.l * 7.1 WMSE-Wife). sfcfiF+fl'JSMJiia 

7 . 1.3 *p&m, 

&*&£/(*), 1 / 2 . 

HUS® 7 $ + (alS 7.7), JC-^rWrtlR«l2*/'(*,0 = (/(*M 


1&JS8.9 i\-WMmm 

w^m, iim. mg(*)=/(,).*(,) 


&. miXG(s)tfyn tt«Fir»*{0,l}"±^^. Wlfct. tftlSimiEBJTO^M&mtSE 

#/(*)•&(*)J 5 /(j).<T, <W*&*/(*)fli 




® g^anfpW!nL##5;i«[9i]‘(j 3 . 3.4 
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ijhffuat* 

5(k) = Pr [D{G(U k )) = l] - Pr[D(U k+l ) = l] 

Otf3E££^*>. nm'\G{U k ) = f(U k )-b{U k ), RU k+ ,® 

1/2, &«/((/*)6(t/*) 

1/2, JAWW 

Pr[D(/(t/, )6(£/* )) = l] - Pr [o(f{U k )6(t/*)) = l] = 25 (k) 

d bt (mm 2 s(k)) t>(u k )m%Hv7)’ 

Ay, fy$}]& : &cre{0,\} , M^D(ycr), #^ D(ya) = 1 ° , ^Uiy t±i cr > A*.M 

Pr[>(/(t4)H(M 

= Pr[D(/(£/*). < 7) = lA ff = 6(t/*)] + Pr[z)(/(£/ jk )-ff) = 0A < 7 = 6(Z^)] 

= f( Pr [ D (/(^)-M^)) = l] + ( I -Pr[^(/(^)’^4)) = l])) 

^17.7, iS 8.9 7g#3i£ 8.7, oj£U# 


iJrjii8.9iiEl0W^«IB^*fiEifiG ! (f/*) (T-tfc#) 
WB&tBM 8.10 Hja-ftflEE, ^+0J^li±tliijE0^7: (T—tM#W) 

8.2.5.1 


it 8.7 fPiftM 8.9 *t7rM$( 

/: N —» N , W 

def 

G(j) = <r,cr 2 -cr ;(H) (8.9) 

= sRx i <r i =f(x i _ i )b(x i _ ] ), |- = 1,2,.,/(H) . i JfcfcJSMgf*iSft 

/(*) (BP/'(*) = / M (/(*)). fi/ 0 (x) = ;c), « (8.9) Sir^^PT^: 


G(*)-6(5).6(/(j))-6(/ WH (j)) (8.10) 

(T-bb#W) ^ftm^vEW G MVMtilRo $IU{ z *L n ^^TO 

saw. ^£z*s<] (1®^.) mm®, x&bjujhsat 1/2 w 

iftit, mnEw\&Tn+%te. 




© ffiJUr«#HS=S««r» <a{o,l,-,|Z t |-l}±^^) 
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$8* a is toft % i; $ 


mth to Jf'F WE^m (££.*&-£W tt#^ ±). 

M&. <B£i*m&l^±lSiI3J8-* > h:*rfa. M 

RTLUiiHB^ (T—tfc#fKl) 

^nJE^-tto 8.12. 

(2)^W^ito Sl'H]{G((/*)} icN Ji^[p]*^orMiiJM<» 

I'aJ^nTMS'JlW (^Hftljtt;)). K4 1 G’W = 6(/ ,(,i|H (i))-6(/(s))-A(i) I G(i) ffi 


fijffl / {0,l}"i:Ki|ii-|^, #2«PJ G'(t/*) ft y + l-tt# 

6(/ y (G*))-6(/(G*))-6(^)^^|WI 0 0jtb, d3*^G'(t/ n )^y-Lt#MMiimy + itb# 
ftimms, pTf#sij-^mi*/(G*)ii%»). ans jkl^j® 8.i4. 

S*8, <3® 8.13). iS (8.10) 

Blum-Micali $3j&o ® 

8.2.5.2 

Rf±, 1MMM (M#KJg) MBISTBftlW (Mffl) 

£*18.11 

^m^nmmi{k)=2k 

MittiS'iS G. *t^*,ye{0,l}\ £X/(x,^) = G(x)» WJ/nTS^^^BtfEOrti+^CB. 
ffift-fcJS). ^PJbTW^/«, #[tlg&£E#G(£/*)ii£/ 2 * . £^/(G 2 *) 

iIESJI8.il ifBjJHHl 

iiEE:£ft#Mfl]5fi8f, Hash 

aft <Mwa*w Hash a®. iitDi). 

#5fe. tt$l'8l/(y 4 ) Affile 8.9 (B[J 

G(s) = /(s)6(s), b % Hash 

aft#/(£/*) KSWM(entropy)*B3:o ®{§.M. “®f{U k ) fflft Hash 

Hpr<*. k 

^r&o Hilt, Av£;t3cG*ft Hash fl, 

M*-*'tt#ft Hash^#^£$:fcj&lttIftMMo 0rWA 


8 . 2.6 






8.3 


® a-Wit*@#-%s;«[4i]. 

/’ W/2.^^SiJ^iW‘Sg!”>fct9ja/.(f | ]!(n.^T^ l ,x 2 ,---,x iJ/ , e{o,i}‘ ,4 , /(x I ,j^.—,* t i/ J ) = /'(*i).F(-* 2 ).”-./'(* t ^j) • 


247 






“*«A” WW,r. 

'h “BSflM&A”. 8.3 iAAjWtS&Sy—^S^A, IftAfflf&Bfitt 

&W, &#*«*&***i*A*#£ (RM& 

sijmb)o niift, i^a8.3 “iiii<r. ® 

mi (JE 1.2.4.l Ur), 2: 

8.i2 <atti®#i&££*—miffe g aw 

attBt#ia&£». £n*#£«M, /:n->n , tti^i^|j5i«U!i#{c t } w ,, 
tt*jE£«5S/> ££#*»*. W 

1 


Pr[Q(G(C/,)) = l]-Pr[Q(t/ w ) = r 


M*) 


M.s?s*«w^33i^wra#i« (ia 3 . 1 . 2 uo Hi®, om#sy^-w^Xo 

#ta&£«. pm*r 

£H8.13 ('BTTm&lZMtiUt) itam^-ScWattffi#ia&±»#£, Ml BPPfc-fr 

def 

J J 1 H £> o ^TIME (G ) 4 1 > ^'l 3 / £ (rt) = 2" ° 

iEBJM: XffiM s g VTT R&&e > 0, 4 ^ f ^ S , G StWa 

po\y(n)--\kMJ¥m <.&%$&£ a mn-m a, 

«). ^p'n’ A G, A 1 = 4, ($p^jg8.2)o tnii^/A 

X*a£WPK > MftAWai}£ (ft»S«*±) M*IrI, ??M. Rr*Jffii&»*A <& fait 

(#-aw) £«5$«**ifr*. i^e^g^j^g^, g Mi*w 

W. *!*;< -^tflAi M£I£*|b|, JHyfflJ±4-C,(r) = ^l(*,r)» RraflJ*»C,, &g 

* c ( t, w)^ t '->« 

SAj O 

*10, ^2" £ (G W#T) + nJ^ 

. BP4^'(*.0^><'^aA*iBlffitn.ftre{0,l}"'watti. K'J 

A”ttffi#re{ 0,l}" £ iaffl ^(v)^3HX3g2"‘ + A£M® 1 Eft, y<'«rtB 1. □ 

m ztt 8.3 ^ta. 

»«#-a»attMm»*4a 


,*» = nr#§y^ 5 




® 4* St h, frg 8.3 &m T*t OTTOttK >‘f»*IIMlft. #»JHk. ttff:&£^jWffl«J'KJi£fl ( .J3?fBI {^„}„ N . K&tifc&WL 
f <=-BTT & e > 0 . #£-44ffi#lgME*lr £ (») = «* WKittlTa;/!’ . im A’(X n )*f(X„) nJW^Wt. WHSlffl 8.13 

i£«fwtra. arw^aiaistw < exp(r t )-w(U) m&miA-. &m Ar(x,)*f(x n ) iiMm^rcuuufts 

ffltt**#iA (BP JT. ) M»4f. «R. »yP = O rlMK (2 ,i ). ©*/C(X„)* /(A’.)ttl 

o. 

© $*. 8.12 4>wise!)i«#i«EjK<k»^^C(ifflta»sis-:»w**)e3ii (sx*.i >. ffi.gs8.i5. aai+*4<w (iii*») 

Efl-M*£fcfc£j5L8.4<t»jg@, *JBlffffi5JS 8.16. 

® wst-t, djisirs8.3AWfl. «*•»t^-awu^asiitias*. Njti,4ii{(AtttW“-fj'injS"waA«5A. bm 
ffi®ME3>2§*#-£!cM. 
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<^J8C7.3), TO#fUffl^£J$iWfe]#l 

fcfc—(BPS318.11 


■&±, 


8.2.7 




8.2.7.1 (—a«svi4) 

(feX 8.1) ffjSStt;. (%.X 8.12 

wsstt;) sti#— 

^5SM5SWE^S§ 

*t^8.i (rj&m bed. 

(BP*) MM. (BP /(*) ) MM° OT-^Btl'iJ^PI r 

f def 

(in T =\t(k) = 2 


:4i 


def 


), \>XR—^^7 ($P 7 =\f(k) = Vt(k):teT\), 


ceN 


#ft#ja»St#GJi iXT> -3S4fcK h *nJM*tt*iefTB*li»lfc (TMM (M7*) mm 

mn&D, j'fffiis/, *. w 

Pr[D(G(t/*)) = l] - Pr [d((/ i(4) ) = l]| < /(*) 

s#m#si7^a8.ii *& 

>o c= i/8), letM tio j, “(t: f) 

f def . 

7 (7',J0 ^■7T'' = |/'(A:) = /(r)/poly(A:):/er|, ffff 

J r ' = |/'(*) = Poly(*)-/(A: £ ):/e _/7 . $t77"' = |/'(*) = t{0{k))l^o\y{k):t e'Ti 

f , def , 

Rj r ' = \f'{k) = po\y(k)-f(a(k)):fejF 


W#§MMi£i6 


c.3.3 MJ^bPHIfi®;*:: tbi^3&±tfe1 l ijjfn|—^MS^M- 


l/U7?iJo BPST (BS#lM) * tM#ft77 WffJU. ttffitflS 

mTi%5ittrt&]se{o,i} k , m%i/ s mm PO 1 y (/o- h-j- m mm# mtum.m in m , maim% 

Silk, + (inM£M, &®m 

itfttiiWii. (ja^sc.8), t\n 

SH#^fliJ7(jaw^: C.3.3, |5ftmc.5.2|n|Sft^C.6.2)o #/Bg#lMti2Blffl7 


i+lf^Mit 12321 *. 9L* (E##»[189])o 

8.27.2 «jfe£fl9JB® 

&0S (8.3 Df't’MfifcflO I’JIMflDMo 
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Kolnogorov-Chaitin 7/ v£ iS It tfc $( « T' Z® Ifr ife > Ifc *~'' 't' $ ^ H ^ Z& ^ fil t/L Btl 
(Kolmogorov-random), iftiSMfSlT'tfrixZxo ;& y hi&feflj7PrtU:lff£ 

“jfcIEM#”o Hitt, — 

(MJg) liM, 

(&xw injjsff^ijsc^. &—&&. #4—® 

Hitt;, M.fr^±JfiLaSj^*#iPJiWW (£i+1?^nj 

E#itt£^T)o 

^#±Hl, %*«* (BfJ^iWlIHJ) £Kj» 


#iaSfPBS CiP!EfiISRtt^33i^»t(UiR*#, S3 

ja®- 






&««» Hitt, (jR&^saa#^). 


#*it#±air®i'js. mitt, 


&#). isitufe, && 8.3.3.i i? 4 i #sy, #»j*a[fl«i*» 3 tE 

(*»«&©*) (£ 8 . 2.5 

u m 8.3.2 150 . 


8.3 


®@i5£S 8.13 ffiiJIJ + W*lffitfHfca@. f5fc, ffi-^ttKtt«££#3fe|SHfc bpp-®v£ 

liix, K£#&£«i£*rf 

m-tPHk, ittrtM^mMmmrmm&iiTn&MiEm 

m, s^itHanTWiEHiji 

(Canonical Derandomizer)« 

8.3.1 JE!WJ*fiitlU4££fB 


Asmtiin”, (£ 
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$8$ ftttttftSf.ift 

fljjg 8.2). A. rtT A A d&WPS'H^h). 

Sitb. (££S 8.13 iI!0+fftiPJW) 

oJtblilA^ASiJ^ 4 l #5'JWffWorit%S&^o Kf—iflfEQ, 
^Xm&AxMisfriili. (IM(x,r) = C,(r) ). it 

—^jfe, Xt&AxSIrttl^flfrT;#. MC, A (*t$rAx) 

toisfr&tffl. ®@jlfc. teftC,to&&Jt£gJ|*&AM 5 F:£. IffflWftiHltHS (BP G) 

(SPf+T) fcj® «!»»>. ®JWJ5ft5!l!2JlT££. 

%X 8.14 OltBP TIME (.)*BS#lifcfi«lttBltn.»[^*) ® ig/:N-»N*jMMM, 

(1) Itt^&AflUfcMWP. G ML&m.ia ?o\y(2 k -l{k))&, #»tiJ-K:a*/(*)W^. 

(2) ftteMWM*}l{k) 2 &&&D k , w 

Pr[D t (G{U k )) = l] - Pr[D* (u i{k) ) = l]| < ± (8.11 ) 

K«5A (iAG(f/*)^C/ /( *)^^#) *&*,/(*). ^BtfaJM 
t M£S£ a iBSfllttttf, ±^fi<]/(*)-fcb!|f$*^^JS*/» = r , (/(A))w (g*&) m 
AiiflM H-N —0jlk, Jttffiftxe{0,l}", :%fgffe&£>*('0 = '4(*>'-)- £ 

+ H=/(«)=i(k), (B.ii) mmM x ) =A i x M u k))uwr A x )= A ( x ^ u m)^^ 

2* .(poly(2*-/(*)) + /(«)), ^±PM^poly(2A/(/:)) = poly(2 r,( ' H) •/(»)). itlfctfflj 7® T® 
ft® 8.15 ia/ f /:N->N*^il|iiiig», r 1 (/(«)) ^^/(A)^/(«)ric*fl«lS'J'!K» 
BP T1ME (/) e Z) T1ME (7*), T(n) = poly -/(#.)) . 


® 


© 


«in«a»j4 ^ nm**-* -i-hjm. <ius&JS2.2i wffiW4’0f»«W). ha. ± 


&m%.&,c x WLmMi£*>Attto\x7&ftBitB}(e) 5 P-ji. <**±, aa*(ja 

s£»W£J». ,4 ftjg: VrZftm'PA%&&)& **i&««$T-*a>A 

&m. naimtoAte^mjE, 

&®±. 8.i4 Aas;47sa^‘T-W!'fi] P oiy( 2 ‘/(*)) m if poly( 2 *) . anu(/c)= 2 “ it ') <rm 

SKiffi (ESS 8.18), A (8.11) #*fti«S!S*5!Mr?K <»S>:**fti$/(*) = <»(2*) >. HA. nTWiU)W4- 

(0*3/(*) = 2°<* > ltt, poly(2*/(*)) = poly(2*)). 


® sse-itvt»«®. w bptobIo^>» ci>rrtiW0fi*aA tRMmuiis® 1/3 ^“i'jfuea 

&Kt” % 1/6 (iE (8.11) '!*) CftilTtoS Prj^Dj = IJ ^ 2/3 (sK Pr[/) 4 (t/, (1) ) = ll s£ 1/3 ). @J Pr[D, (G(U k )) = l] > 1/2 
(aE Pr[o 4 (C(t/,)) = l]<l/2 )=JElim#fJ.aj£affiffloJftW(B] rrtxj BP rLMt (/) ifiSULA, Jt+ r( n ) = poly(2 r ' (,< " ), -,(„)j 

(S.srw«ffllfe**=r'(f(n)) w#T). 
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il W U & tt : 


RIftMga 8.13 WiEBJJ. g + Xffli'Jftji: 8.2 (g&£tt&B&#l#$£ A RR 

g, ft it 8.2 t^tJhPitas;^*r 1 o/5.i^fp]t;^S^poiy(2''")+^#v , i^ c )<. "M 

2* &T$ffl'M*> s )=' 4 (*- G ( 5 )) > s e {0,l}* , R 
^^ffl^r^Btl'0]^polyf2 rl( ' (H) n + r(|x|) o @jfc. 


nm poiy ( 2 ' l(,(n)) •/(«)) z &. KjEmm#. 2 * &*t ^ t atff pt^-^c 8 . 11 ) 

&1S®Pr[^(*) = l]isai 1/2 Rfom, f'JfflfiS|Pr[^W = l]-(l/2)|^l/6 , *t 

K(*’ J )L{ 0 .i } * * tfc & ft * 1 ( Pr[^(x,G(C/ t )) = l]>l/2 ) 


Pr[/l(x) = l]> 1/2 (^ifrltfe. Pr[^4(jc,C/ /( * ) ) = 


1 


> 1/2 ) 


MfomRfe&C x {r) = A(x,r) (M&M£R\r \ 2 ) 


:&±. (8.11), ^ 

□ 


Sfe: 

8 . 15 , far^t&MtitM 

(BP^®W/(*) = o(2*)), 0 ( 2 * •/(*)) ( 8 . 11 ) (^ 53 ^ 

8.18), MS/(*) = fl>(2*)»if, ^0(2* •/(*))</(*) 2 . Hjlfc, &M M S Mftit £ tf & 
/(^) = 2" ( *)^iE!i!iJ*|^a^^, rTKA B *f 

5S3I8.16 in^#4- y hr?fe*/(^) = 2" ( * ) K)iE!iiiJ4W^^, PUJ %??=?, 

MEW: *Jfflffr@8.15, fBP TIME (()cD TME (r), T(n) = poly (2 r ' ( ' W) •/(«)) = poly 
('(«)). ■ 

0®iejm*gmi3i£* g tofex*ftTtmittm$i#t&t a (bpaw 

? c (yt)>/(yt) 2 )o &;fc#/ c (*)>2\ Hilt, $n£*£±/ c (*) = 2 n(k) ($p 8.3.2 W 

M ft «), m ST £ W fa] 2* • / c (*) = poly ( t G ( k)) ia i± # #rW rT tl W f 1 1 1 T * E # G (I/*) *n 
^(*). G). 

ftfi. C ($D8.2U0fi^W), W/ c (*) = Poly(*), 

®& p> &9tm p{‘c (*)) rt G(G*) W ^(*). 


© *»±, a *i«'±» c, 8j mm-wm ^ 4, (*•*)=^(^(O)- 

(/(H)), MG'(i)*^G(i) W/(H)-tfc#wr®. 3/ffi$t£ja. a miss/(H)=/(H). )f-ra g *ic# g' . &*», ss». 
uj^/=i, 2 ,-,a usfflG(i'). #Hj a= r*(/(«)) (««/:N-»Ng*L«auiina-*«).. asft*/(*)=o( 2 ‘)< 0 a* 8 i!;, 

^rfn nlffl poly(2*) poly(2* /(A)) . 

@ ».*: a^K^SS^ G*H*/ 0 (*)>/(*) rtff /(*)< 2* jffi#tksK* (MJff 

2* l a (k)>l(k) 2 ). 
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8.3.2 jE5l!l£Bi#l , l±££l§tfjfais 


&, &{£# 8.2 


^1?o Win, 8.2.4 ur+iu#»* <JtL338 8.i7). 8—3-ffi, TXJUtiKJtfc 

***16^8.21*. Win, (BPftj&8.17^WJg^»), BPftJft 

ft^TE#*. S^«tfeWSWB8#lW. S#4 , A^W3lJft$l^±Jii : fE^*Wi^(8I 


TK/j*. PPC rp 

8.3.2.1 


a 

ii^*n.^±-vs 


^ 8.2.5 fffiiEl, ®MWi+ 

8 . 2.5 asttffl7Bn9E»»wwrtih#w^^iiw, wf 

grafts# 7-, r-^nlfiHSf) (ft^7.9, &g£, fli& 

ffi^TKsWR^ « Zft, £;£WiliiiJ/:{0,l} m {0,1} m 

*ww2*"rtinr. {m{zmmm%T m &}&%'C, ^?r[c{u m )=f{u m )]<~+2- cm c m&, 

£M*<c). (iWifcit) &#Wilis]#£ (K 

li 7.19). W7&*SS&fcm. 

#Jia 8.17 (Nisan-Wigderson t^ia) 0 iS /: {0,1}'” —> {0,1} , S,,S 2 ,••*,$/ {l,2,--*,/:} 

m-7tM : TM}T , ^\ t KlW ^ e {0, l} ; 

<*(*) = /( J s, )/( 5 s 2 )-"/( j s, ) (812) 

Kt' s s ^7ji s ; &5e{l,2,---,|5|}c(aLt#'©;g±^JiS:^, S =<7 ] cr 2 ---cr k %QS = {i ] ,i 2 ,---,i m } , 

W 5 s =cr /, CT /, 


4- 
> ^ 


def 


'm ° 




■^k^m, /,w:N-»NAifcWaft, G AiHlll!l*|ffi#l^^#, JeL/(£) = 2°W . 

(S«5W) WfmW = ^). 

it#, a-^'itk, ^^lj5,,5 2 ,-,5 /w ^pr^B 5 ffB]poly(2*) F *g^. 

B- 
<c i 

TOW (SAaRWT/affl^WtSifABtWXft). flfjl, 

S318.18 (Jtfftjft 8.17 W##T) 4-a,Ay,ff>0*9Sj£«>(2ar/^) + yfl«i#». %fSS 

i[/,m,7’:N-»N^ > £/(*) = 2 a *, m(k) = j3k, f7(«) = 2“, MWTMtMi. 

(1) ^}g»Rtrait#fi«ia»/:{o,i}*->{o,i}^ r-^TO^W (JE£X7.9). 

(2) #^h— y tJli[Rt|Hlit#W®iS[5:NxN-^2 N ^ : f# 

® >?'M3:|£ k fO/e [/(*)] , W ^(A:,/) e [*] ^ (*,/)| =m(k) ; 

(D %$Z£M.k%\i*j , ^f|S(£,/)D $(*,./)| m { k ) > 

MiJfiJffltiJii 8.17 ‘t/SXW G, \^RS i =S{k,i), TOS'J— 

&iiE3BM8.18;t1ir, g&jg;, tt&Mr>0, %&m{k) = n{k)$U(k) = 2 m , j#je& 

# (2) JEa]® 8.17. 7.19 to^a 8.18 
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iHTU/jVtt 


#l2t£5&®. ^'aZS. 8.16, mfrWUTfeM&in —= 

^31 8.19 BPP^S^i^tait, fij£) 

(1) i£ e (BP#^Mf 0 >0> 1$# 

|&7MPS7m*MiI:tS£{0,l} M ±IE?$£iJ^ilU^W^M^Md>:ft2 £ ° m )> /'AM BTT=T . 

(2) />, £ ^E&M&jg/lW&AT 1 p, WJ 

»P3 , fi^n«>o D ™B(0 I t J . £+/» = 2"‘ . 

^2ap^Rrui3pjffl5£a8.i8 wjsr^ffiija (j&5]M8.23), ^ngs^+^HiT^r^o 

&&> £3 8.19 tf]M 2 miWLttTfcm 8.13 (ja^S 7.24)„ 

jea8.i9 w^—( e^js8.24>. 

ZM 8.19 H l 3P5> (ilMiAM “SSSS" SP#) 

fi«7maW*»TR, ##PJ “%±£m$lit” (BP BTT=T\ 33 2 3P# (MMiUj^ 

asfrF+awTiBfiift) nTffl»753^8.23 ttij&nm, mmtoJjte 

(ja##i^[226]>„ 

8.3.2.2 5ittwfiflS4M>f c msmm sis) 

Mti^/(/t) 2 0u*g&E^{G(t/*)}^{t/ /w }, Gfli&s; (8.1D. m%±. mrmm 

G'(s) = s-G(s)vEW&-&titfL, &mZ, BP®^#ftT^*$Sftb^A, G 
(H£±, GeUii^fBtfg], ffiUklc&Xt&MftttmG). 

(bps(*,/)) 7*b£ (^m& 

**rTIBM. B**<f(*)-»»(*)). lifcftf. */W^RTiaftlttSiiEG(£/ t )fl«iftl»mtt. S*G 

(JS.33JB8.I9). -g-'Nft^- 

(BPS(*,/)) $*M, MftfGli/lSfflflttMi 

PU^74>o M±, (BP/Xif*® 

^Ajc 1+1 4E3Ellfffii). SI 

7#tW£ SI7«uA (BPx, tl ) **itt3lWtfc#&t > Zm ftB&& (BP 
/(*.)>/(*2)>-",/(*,)) Silk. /U),/(^ 2 ),-,/U)SUH^ 

(EMUfe) »tt#/(ii + ,)il«ffi«j. W7&7MEPfi. 


tmmt vEW*immmm£, jbhiibm 

fgi&mn m/^ 7Mmj$. m*jk( ja 

8.2.5 TO, MIg, ft^JB 8.20 +MM. feMVX 1/6 WSIBftE^«'((/*) 

2 6/(k) 2 


CD rtPMdl. AC&aff&JSS'J^exp^m) & f JfSft!ii&, /£ffl&9.7.19, nJjM 7-(m) = 2 £ ” »*J ^ T’-^nTiMUli^. K^SSt 
f e(0,e 0 )IlKi!*;T-^*S( e 0 . TiB4- Y = Eil 8.19, 7 a,/? > 0 . ®lf /(*) = 2°* ® m(k) = fik . ft.t: CBT 

fttT^S-SS'J'a ) itBi fi (2a/fi) + y < e . 
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% 8 % f&fifittSmiat 


——, ^+a^/'(A:) = /(/:) + A:<(l + o(l))/(^)*vl^7Rtf-.4 J 4 (J*l5k (8.7)). & 

iiyk) 

c *^iA^ w ftI/(t/ m(<) ). ^a4fG'(i)»H i+1 tb#^ 

/ ( 5 s(*,y+i)) ’ 't 5 -/ = * k^O , ffi LM. C' oj ^ "P x> /( s 5(* - i))’/( 5 5(*.2))’"'’/(' s s(*,>)) 

/( V/+l) ), ^:+5e{0,l} A ^^I^^Wo $$*: SlEJftSMnWB**. £7&#iftfcJ*&l&nr 
t£RW R(*, 7+1 ) f£3rfcAlsifl*. 

#tb# s w v .) St’ BPiTOii, W 


max <Pr , ,« , 

i'e{0,l)* - '”^* l SE < 0,1 1 L 

def 

=5 p' = Pr 


j'e{0,l} 


1 


1 


*««/>’> J+ 7 , (t) , - 

at—w> $5, psmmmc, m& 


C'(s,f(s Si ),f(s S2 ),-,f(s Sj )) = /(%, ) I *[*]«„ =5 ' 

C'( 5 ,/(^, ),/(^ ).-,/(^ )) = /(%,)] 

^^j'^ASiJC'^. ?H>*-(x)^$i£%, = **n*[*]\^, = 5 'fti 


Pr 


xe 


< 0 . 1 } 


m 


c '(x,/(*(x) S( ),/(;r(x) % ),-,/(*-(x) s .)) = f{x) ^ p' 


C 


A" 


"t-wisiJijic'wi&A^UMxs x, &w 

f(x( x )s, )./(*{*)% ).—./(*(*) s> ) > Itf]^M/(^) MSSSI&lfrAiXA Xo 

d>tk#. . m\s,r\Sj«\^r■>»(*)' *(*) S( >«(*)- 

def 

tb#$, ^4>^ OT( =|5,ns >+l |tb#*xB!tiM^SJ, £jfcWl£#i&0s£$*'i&ltffPJ. Bilk, 

x, /(^(x) 5 )W{tRrEbM^<5(2 M ')W (T/L) t&«fr#w, &W£Mrn t \:t'Wmmm 
ii3¥. (&C”), RT#i!lOT/M8i»l#. MfoM^inTo 

mnzmmi c, /m r-iai&iiginT. c j m 

t = U2,~-,j c ^fiAie{0,l}" . ffeg& C it®/(^(x) 5| j,/^(x) 9 j,-”,/^(x) s J , 

A*wai<mffl%Bc', »tBffift^/(x)w»ai, bp 

C(x) = C'(x,/(^(x) Si ),/(*(x) % ),-,/(/r(x) s . )) = C'(^(x),/(^(x) S] ),/(^(x) Sj ),-,/^(x) s )) 
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2 rm (*) _ 2 £fik » 2 ak » 7l(k )» ^ > 2a//? , MU?—* 

T/(t)-2-*.cW*«±S»/(*) ! + /(t)'6(2'-«*')«6(/(i) , .2'- | '»)=6(2’"l- ( ‘ l '' l »''- ( ‘i)« 

r(m(*)), WSS-^WiMSt* &TT(m(k)) = 2 "“'» 6(2' ! "«- , ‘>*" i ‘>) (iiiUBT 

e>(2a/p) + y ), £lil 8.18 tfiiEo 

8 . 3.3 

*'MJr5fcttifete5S 8.17 ftJgiifife*l»IHikW«3fe. 

8.3.3.1 8.17 

Nisan-Wigderson t^Jia (^Jia8.17) 5; Steffi.. 

nb, is^G, smiUiBi, sittw# 

^^*oTW^/ J XG / o (HP£3 8.18 BEE W±1H»#> M 

ttft*/. wTffSiJ (-1E-M) 4E&C, £je|l0G / tt*E##W8iWttlK|ll'h 

MC«f/(MW). 0^/ 

W**»Atk###a«<|[ (WSft/^OsjMSlfcfc). -h»#im«[^«liS8.i7WWT$ 

#Jii 8.17 &£: 3HB8Sft£R;± 

oTw#sijr^^/(*)=exp(^ 1/0(l) ) 

i&J&lfi “/Mtt” (JE#«iSlt[i73]). 

^£31 8.18 WiE!li«Affi1K. £fl£T#i+#/(*(*) Sf )lfttei& 

*f. *«J«aK*liPT2Ji. £<**&, 2 W4E&it#/(^(x) s ), $/g*t 

(££M) E^S, 

c^ift, /(/r)=ex P (A l/o(l >) >, 

*m kj^c 0 cupBfitnwjzic 0 ) zmmt, mu^fem 8.i6„ m, £ 

cm cm* 1 

&>. Mii^it0aiBiexp((iog|c|) OK) )rt^, mmd=i 

( BP CNF/DNF «) fft, 


(M 6.2.2.1 -ft). Hilt. DNF3a*tM&|®«l»S£3S. DNF ffi^W^r#SJ£ttK 
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$8$ ttisiiftftK'i-ag 


$j£ 8.17 £-# (M4-A1SC*W) ffiffliiiBt&fa ^PSf#lW«ife 

hj I (JB. 9.1.4.1 U». ^iSMM8.i7 

tlliS&jN SgfffinISffM). Hilt, (AUToi/iM) Wfi«T, 

(£#^£**[167]). 

Wig 8.17(MID.4). jfcBtMiiiig/*£## 

(ltt*HfgW). BtefcaSW**. MWltHfffl/. 

D.4.2.2o 

8.3.32 

^a8.i9wm i <£*®£-3Hg#T> sma.*/ 

&-$?#&wt 

#Mj£. 

I'IAMi^l8.i6 (li^ltTSl 8.19), &IciiJ, — > MrfM&S3j/WBfitflU 

pT*WB*jfes^^=poiy(0Wflii^irffii4'i*i*. at— 2 Nfe, assi. A' = A G t£mmA 

a -XR G WjEWJiMfllft) tf(0& (H3 j/(*) = 0(2*)h-£7 2* = /?(/)) £/s, TO^ir 
/' = /2(/) 2 ^'^5:» Hitt, ifiii^S 8.19 (W^lSP^) 

* H 

MMWW%m an pcp>o at—^wwifeirjsLiS9#sw^c. t^tuttasnrffl^w^^ 

(aR^RTtB-^RTBitfU, Tsm^JfctR), ftySMsUtll (£##£ 

itt[17]), ilffg&Jg (ja#%»[148]7 (J8.##iitt[l51])> 35# (iEPfy 

^D.3) (J& 10.1.2 to. 


tfjJi, itbst, 


8.4 2jHI£IBttB&& 


frWWifeW££». 

M/ntwsrewiHf. 8.2 

ai5$m^, w@m, ^ 8.2 

555 #«> 

*'M5f£ft*±£S'&'£to, 6. 1 . 5.1 ur, 6 . 1.5 W** 
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8.4.1 




lit, ^9tmw^ ! %.wttfim%in : &<> m, srasrewit n&m,i&±-Wi.%m$>. mmm 

(^syja 5.3 u*n 6.1.5 m» ^BStfttfjSf^pgtt-^, nffsufli 
£ Hi i*f •^ £ J5C, BP St I‘SI If PR SI *f S3 Dl # W W ft #§ M. 

(i) Btf0]#Pio 

W ®£i»j£J¥ifc+. (£15.3), #_i.TO-M, 

(j*L 5.3.2 U). <H£Bg#ifr&*, &^±Pg^-^$:& (JE 6.1.5.1 1?)o 


#ift, ifMIllWSl'ilS: 


vi a ft fft m % && ± w pi u, ^ &ft & ns % &* a ie 


%, MAi®^ (Jtt6.1.5.1 U)„ 

6.1.5 ^-ffiis], it^^iiiftwsinjspg#ajiMSU't, mTS.&wmn&M%%$:m 

(2) HMir&Mits*. ^iffl- > r k ^3»wi»#i : fBrji^B[#i». nhs 

A, £PaSRflM«*W#fci£* 5 Rft (BPAPifrJ) 

mmKvmvx "^pgfijift” \zm, ap^i+A^M&s (je 5.3 to 6.1.5 TOm 6 )). 

^ mnmmmwikx)* 01ft, 6.1.5 ur-#, mnm g# 

l«)t&ft*aS. ® 

^±JjFr&, itW 

#■ fa A sti# o 

j£X±®SfHSPRBMn.it#Wftl»#U4W. 8ft*4E^#WWil+, ±IMiA£SI£ 
M, ^ia^M^05t^Wnft-^Ao 0jlt, ^±itBfiiaitWSf0l^|igit#ffl-m, #fg& 

w^iRi^i^fpi^-irAo 

f*#L76^1*1^0 Sfc&M. 'MftAtM#, 

(WSirWtt#) w{i-.ta«(c*MSfi(Sift#fi^7to &&& 
MIStfiTM- ifc#“te®ltt”(S§T) S*a»«TJB8Eit*£|iil#IS}&»M (# 
-M) (&&M5&3G, rfuA M ffl£$In] Tv pgfaft&falfart (-Milk) i+lfitt (Sir) ® 


© 4nSA***AttH. ro^Ejf5UHjri < j i SfBj^PSi+^; i +<. 
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■t, k * anMicK'us 


SfeSfflSKJlifc (sRg#J#l> 

isiswsffi^#E$$i5i ($n{ G ( t/ *)}*.N* n 

W'wLn 5 W ^l. i2f£*o &§£, MAKit. iSf^/ = /(*). , 

#^*#» * W a». a^st#—a W i ^W *: N ♦- N ^ A WI&1 ffl ^^Brfe 

lfliaw-^. {A}*. n . 

• Wg]S D *^ / ^ + 1 M. M«W 2 ' l(My h^£o !B-jg*r- > N$/S. (Ri 

-) M&& (SiSAii), *Jg—M'&-d-7ffl+5fWW^ (^h*ii)o 

• i JIfiJm H-l M. i^/(*). 

j&H*. esriSBS^W) 

-te' Aj 1 o 

i£g^a*t7£W$iwA (BP-fc*/, MAW/+1 M) Mi+3¥£§m> MXAjffltiA* 

'fUr^ZLtl ! l^|/7iBMjii/^? | Jinft^-5 | JiAl : Kl^p, , S (fi7Min“il)o BPX'iTAmAx = x,x 2 ■■■x l , i 

2 ? (/ = 1 , 2 ,—,/), 

— (&7^/+i^)o nrwg^Jisx^j^wis^: as a >, 

HP$n£5tHHftAx, g^ULA^5yjAM73c'J^^m-^^W^*. JHiJWAW = l. 

£^8.20 (ei^SR^lW^RTE^tt) 

• ^7#-itg^m{^L N #&}*«*. jpts^ws* 

d:N -»[0,l] 

d(k) = |Pr[D* (X k ) = 1 ] - Pr[D* (Y k ) = l]| 

• i&s:N->N;frU:N —> [0,l] „ J|E^£|b] {A*} AeN (s.s) -$BS#lfKJ. £n^X>M£S$f0] 

^4)w c^-sctt) gswu chpHmL,) 

bsm^* 4 )* 

• r^Aj / toflljfcgft c inS« 4 £era{c?(t/*) t>N } 

(*,s)-ftlffi#lM. BPffi^Sfg]^^(-)^#-i!cttg^W{G(^L N }fn {^(*)} teN ME$HiBt 

mz%s{'). 

Bjfc. ifc WB6#lft7ift. 

, HAj^I'h]* s(*)> * W#-® gijJjtflRr!2UR@J££»Mlft( 2 * ^ 

/(*)>* AW. MHKitfe, 


in 


© 


ffiffl**“ fa4»J#1 ”(iiB#*mams) ftX; TitiRii ?i&m\-W.m uu#-fa a. anjfigffiHJ JCte-•«Ai&iffill “ * 

ww- hk “ft^w #m. ftinaaAttwj “rn^W" «.«. &ftx>TH>B6#ici<j <tf&> **£k#jf. jg#wwe*itei#iR 

Jt»A *&±. imtliETSsMSlA, XftffitilMtt 


AJt ((X-fi'ffj) 5ft A. i££&£G 4(j tl L £ 7f fF- — /C7'lfe'K (Ordered Binary Decision Diagrams, OBDDs. A#^ jtiM[237]) fFj 

—w#w. 
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H rm/j-nt 


#JG.^Jg 8.25 8.26o 

8.4.2 MW^is 

®m\mm / tmmu&^\&>m 8.26 utin 

fTfcM-ir&WftA' ftJF&Jo 
mm 8.2i s(k)=jk TWJgtr^) 

s : N -> N , #£-^MfM£S[^ /(A) = 2* /0(i(i)) ^ 2 j( *> W (s,2^) St “it* life, 

wiiojiiy£r&a»W£5tta». 

tz, ^mK^%k=o{t-m)^m^m^=f-^, r 


Mwmtmn, sNijti^M/wF'aw (#-») i^i/ura, 


\m (^E^^iits^*2-' n )o #»j±fe, rnm^%k=o(m 2 )tf]Mthm i ?T, nm«-K 

% 2 m mm, (#-sm> &mn>, taw. m&, &n 

£8.4.22 w, mmmms.21 c r% 
©S) 'btl csp %tt ^wM^iaj^mo iBg#ufc. mm 8.21 44 

£ 8.4.2.1 npT 4 s ilEBJ3 o 

&m%m 8.22 RMTMftWE^m 

(M«S 8.21 + 

^S 8.22 #&&&&&pR%&s(k)=k/0(1), #£ 

SE-iftfc. 

fa] rto 

j&'frHSift, #£—$|Afc^£ = 0(/w) WMfll^+TP, 4lK^;^)poly(7w)^4^iJ, 

(^-gctt) gwtiiMo Hjifc, *imim%mMimm‘\i 

8.4.2.1 mm 8.21 8.22 fflEsmsB 

£MW-£#}, >h-]RA<i£fflSRE##, 

MS&A3H& UktbfyftlfiltXiViV&tilfrm W4-E##3Eftltf£. iSftM (&E?±)S— 

S 7 IJM 30 £MW*/5tHS^#lfflP#o 

£31 8.21 WffiHJi «tH® 

Hash MW “1^1” (JJiLPf^ D.2). Sill H n % 


{0,\} n %m&Mtf}WM, ftH'&m&tfy (Mixing), ^1^1^71^5^0,1}’, &1R 
'>%. (BPj^£ tfc#l 3 jexp(-/ 2 (w)) ) WSft Ae//„ £ 4 , £ 


© ##s;tt[i2]*taw4'aii-&a : fT “$&": #£-4- “enow w$m#uft&£»#ic3&, 

© #ffltiE08J8.#itJtitt[174], 
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» x v mmwk’V'ti 


?x[U n eA*h(U n )& B ]^~ n 


(8.13) 


V,Vi’ 


y M5fWnWexp(-/2(«))j® <JAL^IJI D.4 Wf£4, ^4 J B0^oT4exp(-/2(n))^ 

Tr' ! ). 

AM4, , »JW/(*)< 2 l( *> . ttlMfeX 8.20 + 

def 

*(*)-£naE$HBA. d;, a+»=£(*(*)) 

8gf 

r = i(k)i n<i s(k) i s(k) 

• D/tftSMrt C«nJ&¥3W) Wfaii, ilttT-Ji+W^I^^. 

• n ttP|# ®#D/4 , ^iB^o-,cr 2 -"Cr„fKj^'|pJii(M,v)^^£) J[ 4* IS 

® d; oj wtitt® a , bp d; ar-fe* /(*) =i'-nMmAtoi\rW&&x%ftm\ftmtfL 

A' /'•« tk«F»A ( Bp {/,..„ su^u^ ■■•u ( ‘ ,) ) 

^ ,) M^ l) )^(^ 2, )-^ /2,/ 'K 72) ) ***#1' **• £+AeA.* (S^i4#W) Hash 

at. ^jsffift-attis&is/s, umvift&mTHumftnu-im), 

^fW*MSiJv^0<]^-ia^ia^4 iV c{o,i}". mm, )ifff w, 4-a.j 

Tj^ffWil v3\ W . l£i£ (8.13) Wffrl, ] &M'P%Lh&H rl 2_%Y, ^ 

? t [ u „ e 4, a A(A) e 4.;] * Pr[A e 4, v ] ■■ Pr 

m W^X^aS (8.13) ffi|W|» Hjfc, #ai&£exp(-Q( R ))tttfij;t 
^fAe4 , &&-ifca£ (*31 /+1 MSI 31 i+2 JI) ttfflfiSllllffl A 

&a# <ws8 / Jiang #+i jd 

«& vflJi£w|#»o M: OTBSl^fl OUffW±iiW=7Cai(a,v,w)) nT^flJ, *f« 
^2 3j( * ) -/' exp(-n(«)) imZtmm^heH" , 4'ifflilD; 

"MSpjewaaeKHR^. 

fll#§ /'<2 j( * ) S3i^a-j?0vJ n = @(s(k)) , ^ 2 ls(k) •/' •exp(-/2(«))<exp(-/2(n)) , Siltl^ 

Silt, (JA«^*W|A|>Mffi#itl:«pW^ifr, ^&A'+a£tefflMJmttftM«'> 

—¥, (^4>S^f'Jffl/'-exp(-/2( W ))<exp(-/2(«))^^$, 

&4liSi£, W«i^hW|A|>M»#ltt1^W^. nTW^E 
#2§*fS-%£JX BPSae-— 1" “ifpti” h 

A" A) +M8frg5fcfli#, tt^ia^re{o,l}" WJ4(«.w) 


UgL 

n v, w 


(8.14) 
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ii rrufttt 


(hp(«,v)> fo^r, %-&& <ip(v,w)) 
m a*> K r ) • xasfP PT [ D k ( u (rn ),)=i] Pr [A' )=*]. 


RfltBfiflliS# (#0£) -'hfrltt Hash M. Silt, Mg±j£j2tg*tiSc 

& z>§, ##si—^ e^«. ft&'Niis 

7/ = log, (/'/«) < log 2 /(jfcJ'MffitH Hash ®», iBft h ( '\h (2 \-,h (,) o aiwaffiw 

WX/#—^ ($)BS#l) Jf’&U ^- )°g 2 !^«l O 8.3 

*P3®8.28)„ flJffl« = 0(5(A:))|P^^^J®f[^// n (fti$jj£D.3), bJ (JA#£08ISM (^) - 

mmmMW?K&%o(s(k)-\og 2 i{k))=k. □ 



(BI#i) fiffl 

’M (sjffi) liffl 


8.3 m-^nT“»*”$fa]SPBg^m (f=3) (^fflfa/.nf 11 ,-/) 

+ a ti> -•••,a f x s {0,1} . fa i ,=a 1 Sfl t ,=/i ,H " ll (a,). 

S/=3Ift, fa,,, =h i ' ) (a ol ) , &X3SX /i'"(/i ,: '(a 0 )) = /i l "(/i i: '(a)) , Jt4 ] a=a i 

£318.22 WIM!*** 

(£JULPft^: D.4.1.1), S^lJUfc Hash Mf 

“tsr IW. £qJj|/ = /2(s(*))M, PJAMife"* 

gp D* Rfi(i) 

tfcifmt*/ CsEBMltt). Silt, “S 

ffl” (se “fiir^ijffl”)o *s?a±3£{oj} , ±«®M'i>>&*-*(*)to# 

tt#, m, Kit, ^ffl^:'=/2(iogr)tk#*®t/ii(, 

3UWSg^^j exp(-/2(A')) „ 

±3£ilgMW#;»J£#£&t. &iyWg*&fBW*J8C. %\ ft, ^ it 


CD xmmR^^%[\n]. 

® m&%fa-WM5mtia-+xmf(}&tt-. &mtm. 


umi d„ u&itvtmt.fwgf 2 ow <'-^*» 


Ittii-t. «^-*wlU*-T-o.99-(/-5(*))Wift<l'#ISIii»a^Wia#l«l». D. 4 . 1.1 


&x. 


262 









{o,!} 7 * 6 X {0,1}' 


iBffc r' e {0,1}* 2 ( r p r 2 *"‘’ / ' 3 v* ) ’ % f ¥\r,\ = S.I6, = 3, H$Lh, 

^r,— mmm-nm, 

%jEg D k (M'sk% i ■ n ) “S$P” r'WftfJ.. #xi£S'Jj£il »•« 

/Sfrt, r' ftfttfiff'} (JH') 0.99-((A:/2)-s(A:)) „ r t ). 

0*H3ltiUl¥lffi#LM (.5U n mM% 2 - n{ ^ ) 0.9-((k/2)-s(k)-o(k))>k/3 = n tfc 

#, #f lJ ffl S * tt# £ J§ ® M n & . 0 Itfc, *IJ ffl * ■^ KS #1 tfc# , ^ A (I + 3 4k ) • n > k vl 

Pf ?!l t£ Sfc i* £ Ih] H 1 PB s(k) = k/\0 flCj g^J#lo Ext: 

* /2 {0,1}* /3 W # # ^ (r\r x ,r 2 ,-,r }Jk ) P£ W *1 H ?'J 

|r',Ext(r l ,r'),Ext(r 2 ,r'),---,Ext(r 3 ^,r')j „ —/(£) = A 3 ' 2 fj,2 -$j 

m St££3§o 

(gp/(*) = * 3/2 ), 

^i&G.^-^wr&M/, &(*„*,)-ft 

^JgWT$a&W££»G. 

(1) 3tm&A*e{0,l}\ tUT <?,(*), iflf^»i,r 2 ,.",r f , 

%k’ = s,(k)IO{ 1), £*/ = /,(*)/*'. 

(2) if % # «g tb K % l • 4 (*'') tfc# fcj l¥ M G 2 ( i r,), <G 2 (r 2 ), •■■ ■•, G 2 ( r ,) „ 

|G(s)| = /,(*)/ 2 (*')/*', k' = s l (k)/2 , J.A:=|s| 0 Xt J- s, (£) = 0(k) , ^ 

\G(s)\=i,(k)- i 2 (n{k))/o(k), ^/.fn/^^sw, |g( 5 )|=/,(H)-/ 2 (| 5 |)/6>(H) 0 mmt, 

G % ~ -t {s,e) - @3 && Wl $t ‘f 5(*) = min^,(i)/2,5 2 (/3(5 l (A)))) ffij 

ff(ft) = 5j(*) + /,. iE BJH$ ffl M ^ R 3\ ft G(U k ) ft 

U 'Mn mU £w c/ ff*r- u £lr) ’ UR'M^M h = G 2 (c/J!>)g 2 (<)-g 2 (t/W) . I k ftj U,. m & 

“i#wwgfi4” ( 8 . 27 ) *rFMi#jt 

W&Wl k 5G{U k )&Qm%s^k)l2&in%i1$l\A^£ x {k)^Kfto nT#E#S& (*t 
h fn G(U k ) ) U m =u„ k . ft G, (U k ) /, (k) 

c &&&&%?), \:mikmG 2 , ^wmmiAk')impf^m% 

ihe^*w»a.® □ 

8.4.2.2 

8.2i wisfiffl, nnm 'B / p£^D SPACE (\og 2 ), -btl^ ■BTTm&rt 


® *rWK»-aH ! EaKHAttXW*'tt«fttWflil»IBF.»iS6«Itt^. -fii*J»TSt*'6{0,!}*'e. 8rWR»»llH fIB 

K^S«iA4fe G 2 (s') »*Wa«X5sgSflllE^ISlW^^. Hit. s,(i)/2 W K % » uj y $$• \>c Xj S fej Xj 

(i,(*)/2)+*'= i , (*)«E#i&. 
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wmxm. 


+ CJC.SJ8C6.il) (0J®MeD S race( log 2 ), {'B'PL^MDo ® 

'^A5MJfSS 8.21 ffti uE0 JJii^S > 

ssi 8.23 ‘BTL^sen^ 
asfHijs. 

mat, 'BTL^k (IfSiJ ifo'RL^'BTL) JAff ##3tS^[196]4 5 

IgjfcfcfiJ— > N5Ssig£i&: JM*£ISI3f 

log 3/2 o JtiaAffliiEMT (JE5.2 7F) 

SJI 8.23 WSEIBISg® 

Tl^'JfflSa 8.21 (BP Hash m& 

)¥m to‘w»0ST*(raigE##>. 

i, *i—cfh^'M^stftA) issfluw. 5fc*#?y*BME# 

$ iaHash m/» e//„*t 

=tttw&) d; m fsjsc, 

So ii^JSJ±SWBtPiJ»^a[*»!£ra*iSifJtWI&#. m.m. m^o;. Rrw«a#w 
ftSfMHrtJfesi-^a^WAejy, (M^fwsigsti*€//„)„ —mtfesijT6»WA. tus 

(&+M&£*D/1 I -£W&iaMS&&). sfcfiLt, fi 

wajscm*. omMD/ff m# (bpw^mjs) 

sitRiwxirD/ias-^ Hash a». uatmffio 

def 

#tt-KA/ = log 2 /'(*)Wa» Hash H§»/?aiWi±gi»r£!fcfiJ 
/•<9(« + log|A|) = 0( M + log|D*|) 2 fnWfH]poly(2' , -|D 4 |)^^^ 0 WttftX&&&gf5]£&£fi<l 

iEJs^SlISf (Btf0]®;^Sjffiiffi^ : FI!-Pgexp|o(« + log|D it |) 2 j )„ ^ £><'> = D k ’ Jf $q. C^FF-Dj 1 ’) 

im-i'&m Hash Md'> e //„, mistd< 2) =d ;. £isnj (#«#) #,*«...,*« 

ZJs, MS7 D< ,+l) „ D< /+,) WHash M 

A (i+,) e H n o , M^M£D/*M2'&i&jI 

i5ia£{0,l}', V (ntt# 

d 0 *)/ \ d° , ’ 2 ° 1 )/' \ d 0 ' -2 ' 0 )*' \ d 0 " 2 ")/- \ d 1 ')/’ \ 

h (a),/z v (or),/r '(a),/? '(a),•••,/*' ’(a) 

£ s A to, '- oso * > **r & <x,. • • • o-ja, fin s w a % a (,) , • • •, d 2) , h (,) * ■tf is m# f y m. % w 

Hb. A (oi -.^>.^1, 3W, </ 2 <•••</,., l(/ y :7 = U-,/') = jy:a ( =l)„ 


® ft'sct. 'RTmi*t%t"'zmmwi. kx. jvxcD SPACE (io g 2 )>p, ait, £a 8.21 h§^ 7 rx s D SPACE (io g 2 ) ii 
S.SAW. 

© UEi!)3i¥-JnL##*jW[175]. 
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3 s . 8 (v ftttttftK'l-ft 


7 C^l(«,v,w), *f#^(H,v,w)i(8.14) 4 I W3 ts (W 

;|ft$), #ffctfifflJ@£W£Jj£. #^t^MAe//„, pJW^SlJ)ft£)|' +l) (iB 




fth (M) >» i^^a:Sf'JfflSj)i^W#filSf0] 5 ' = c, (" + lo g| D /|) <#ffl ; 3HS#A (,, ,A (2) .---,A (,) fi 
i'h]^^), s' s*. sj-t^zv* w^mm^ih] 

s' + Mog 2 |//„| = 0(f-.s') rt&fiJS.£FW Hash ?'JW£>i' +,) 

tMiiiffi, /S^tXnTffl^ (fltJgJfc) ^ffilfllfrAWJSE^ (RPite^—MW 




8M££tti£, g^ttD/ifli£*J§-M*^Mg££W«40. TOM £><' +,) 

+0^2" *ii. 

&Z, &feD t ', nTWffiO(r-5')$fR]^exp(0(s' + «))^fH]^ OftjgMO 


A' 


HAWftf. K4 5 s' = o(n + log D k j, /<log 
^log D k j - Z. I’rO f n poly | D k ' j -04 |b] 0 #> jf] ,4i 4j 1$ A ft A 


)?44 1 « = ©|log 


A' 




o\ 


1 / poly 


ttflSi, 


n 

/ N 


— 


D k 


m, <£j^MiP±l/6BPRT 


■m. hjm&*M6#M5 kp££M£ m#atz(mMmjfk cm%±, git^as-Bra* 
W3§fcfc>. X W#|ni5)- 

m®c M ' X . Mm&, ffl+^-jiw^^^^Winr+RrtBWEs, m&?n t *1 

« &&&, m»biw±i / tt# mmm, mm? m 

WI/tiDliA). 

*»fdifcSJg-M* > HSj£W**. MJS-MW&j&ft^ttMSWE*. ^A = 6>(lo g |x|)4n 
n=&(k), m g m , x mzm 8.21 ffi$- 3 T$&fi®jwffl mwummD k Wif (i®±.M) 
“nm n wsl*U3\d;* a^a'^##®^* <*x> (#^Jffloia5.2 


TO#£!l££ifc» x WM^TO 


O(log|x|) 2 -$|0jfPpoly(|x|)-04f0]F*giaM^o 


□ 


8.5 


Mfe^£ife*B§m). mi®, 'B'pvmm *uwm* 

JUJSWKP^a. (SR) ^ffiffll»#llt4#W#^±BI#Wfc caE 

mn, (z&mn “&■) &mm& 

Mo &MWPRiM&#AW=E4*iiij “£fcKfcW" M&. 

ik&£. 


® a*: G^sffliw “fl-jiis*”. «*a 5.11 WffiBj+Jif'ja (««;<;, >. is-#*. sea 5.11 mo-w*. 
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iitru^n 


(£&/*ym8;«sa*E£*>. jH3$:££#£s: 

tk&mit <R£tHfSMO. 

irfc^SS—MM&3:££2§, #*f/^2, ft*»rsi / jcSdttol* 
«. /^ftSWE^S. 

fUJlffiM (flg/TC) SkiiW^^S, tii««±i£E#2§ )§-#£ 

*RT»;36tt*&tfe«l« (BPff*R^&^A^J*»SJ6ftSatff#a83s»WE^«). $ 

Jsi\l‘i&1f5fcl$®#lfT7il^#i3§ (Expander Random Walk Generator): 

(Disperser) D. 

tIAll, J*##4frJ(!l **£***« + <, 


#«§!§ 

^7«/iTfM- 

4HSifc+, 

%&M1sL o 


. (ifif£ *) 

i£M, £+ft>7H£®iig1t!i# 


8.5.1 WW?4AL^^f| 

MM (& /-tu) (^c / ^) jc^fitiiiJi^o jg 

m, «i*n. $ijot&w ottg 

M5IM¥^£«:fcM3R#H¥J?. Hmm D. 1.2 *0^ D.3o 

xx&nmm /> m 

& (inm&tti rt&* i{k)ib(k)'tmtirmirxi, 

%%k J 6.&%b(k) , &S«fcS(3it : Ffl ,: P*) 

adiW^iifcte^G^),, (&[/(*)/*(*)]*), W 

G ( U k\ > G ( U k)i 2 >"-’ G ( U k\ = u ,.*(*) (8.15) 

M: ±a^#ifc^i* (ja^®8.29) 0 mt=m, 

8.5.1.1 

#JEtGF(2 A(A) ), BP-£ 2 4( * )> Hn*MWPB«. {0,l}'’ ( * ) ffi 

#IS 8.24 (/-7C»i:S4«) ® i& / fc&Jt«E». b,l,l’:-N^>Nffi&b{k) = k/t , 


® JK^tTpip. #7-KS®#flsjat®jS£#i-lfe)SflJr*WiiS». B|Ji&£#jft6flJ/'=£2*, 

»*/•*. 
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/'(*) = l(k)/b(k)>l R/'(k)^2 b{k) o •^a l ,a 2 ,---,a /W ^^GF(2 M * ) )>^@^^^:|W)7n^ 0 

5 0J 5,,—,j,_, ejO.l}^ , 4- 

def (M 4 M ^ 

) = X, ^ i a \ » xl ^ i^2 > * * ’ > X ^ ^ i a i‘lk) (8.16) 

^7=0 7=0 7=0 > 

K+i£trr£GF(2 w )±j&tT, 

8.24 eg® 8.30)o ttfc*0£Mv o ,v 1 ,...,v,_ |f &# 

{g(5 0 ,s i ,-,5 / .,) i = v y }' t 'tumMGFliw) ±mmf±um®. (Ams 

V j j =I 

5 0 ,5„--,V,). (Silt, 

aradl, 5t (8.16) (££»M) Jt + ftfe^GF^Jlfl 

Mfisas, ^itb, ®®-^GF(2)±w6(*)^Br^^«s. *m#£M &(*)£• »-# 
&$?«*£, in%d = b(k) = 2 -y <«*»£»> at, ^«x rf +^ z +mGF( 2 )±^Rr^ 0 $ 
—^wanJjB.w^G3. 

&*: #m^5$ (8.i6) (intffitiiistTci 

WWK«), (*n^Ad'M^2 i(i) lftlt£k^)° i£^ACl 

W^(=2 WfllJB. 

(Bg#lW) «±, *'Jffl[ii Toepiitz *§p$ 

(gp^^ad#^)o gfffi Toepiitz 

(ii 8.4), mm- t={ t t j ) a Toepiitz %m , lamttffiGi'j, w',,,=w., 

ftE: —+ Toepiitz ( HPffW 'i.,#l /,, ). 


/;;(/:) 



SI 8.4 Toepiitz SEP$<0Sj££KHfr|-t$& 

*«8.26(3—#WW#:fc££S, JaLID 8.4)® ^b,I,l’,m:N^>tiffi&I'(k) = l(k)/b(k) 

® ^awwwaijiS'T.sw—Mttiaitt. it^ft!H!e®®)«^-K*iiiriiKrK)«». »££#« bmr, trfik&mistX2b+ 

flog,/'I-i. 
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iiftU&fl: 


Rm(k)^[log 1 l'(k)'\ = k-2b(k) + l , ^{ 0 , 1 }"-^GF( 2 )±W „ & ft Mg® *8%$, 
v i> v 2 ’"'> v r(*) %1 GF(2)±/w(A)*|£[n] )ftf je{0,l}* ( * , *'" ( * ) 1 #! r e {0,l} />< * ) . 


A> 

>C 


dcf / \ 

G(s, r) = ( T s v, + r, T s v 2 + r,- • •, T s v,. {k) + rj (8.17) 

S+ T s % |i ^ s b(k) ft m(k )$ij Toeplitz PiU G jk.Mi'&ik'fcBt b ffltT !r& l 

MM. 

5kK&b{k)'ijm(k)?\\ Toeplitz 

mu m m tt, /'(*)<2 m( * ) -t* $ #j $ w # m . ^ ^ $ w ■& js *» &(*) . & %« 

A: = 26(A) + m(A) —1 , /'(A)>A/6(A) , ftjg 8.25 8.31). 


&s 


G(*,r). = v,} *GF(2)±^26(*)^gWSH4^rga (^ft* 5 *P r 

y=i 


fc$S), ftflflfib, (8.17) M^)itsT4ftEWPgis!c±^mo 

mv*±, ±$£fti&i&«tj£jESMfi*£ifctt£, 

^fi€{o,ifMtt/e[/'(*)] (-at 

miutHffi^iutii4 , Mm/^(BPG(5)W^/^) o a,«: ^-^^^(^(8.16)), 

®m^«poiy(*)-wi's]rt^wpiMGF(2 w )w^^® 0 ^(a)j 


8.5.1.2 JSZ^Cf§)7>) 

WMMMWi^M (ia##iitt[l6i, 238])<> ^*sfe« 

“*l!(®#’' ; itMMM(M#^^^)iJ^^J4 ) ^AL.Chebyshev^^ji:(jALPf^ D. 1.2.2) 

d.3 (*M) mi&m. 

(JaL##»[ 168]4 ) 12.3 HD ®-jR*tt, 

mat, 

&& (8.16) iftfi, i&SUltt, (M0fW2*^nJ^W#T) ftjflUfrJi 

(s*> &(*)=*/* )• ^-^rffi, & w #**£*£-£ a wra» (®% 

/'(a)^ 2 w ). WRTWAAJfliJiiPifc-ifeJS ( bp^-^(a) = iog 2 r(k)) 0 

sitb, ^rn^mm^ra^{v{k),2 m )^^, w*'(*) 


© ®iisj**6*jA*e. 7Epoiy(/(/t))-ntiB]rtttsijGF(2* < ‘ ) ) to^-sta^T. 3 6(*)=o(io g (/(*))) w, iswnaau 
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aw, *Bfi#ufcSTOW. 

8.5.2 /MH&££S§ 

£p 8.5.1.2 ^BFfsE, WK- 

«('• log/). 

#*waijfctt (ttfflww^Hfejsjsftfifitt^j-KSEWWSfe). 8.5.2.2ur+#ni!i, m. 

w&s (jpWRa*s^*fi? mmo Mit- 
tt«iju c w mvt^m it n ff nimmftM^)* 

5fff«:N->[0,l], r&;*J / (If^f 

poly(/(*)) WPUrt ). ft A: 

Sc{l,2,-,/(A)}, 5 e(k) o n ^ (nJIg^W) 1&1gll5&3£M. 

Mi'”;?, e {0,1} 5 c {1,2,•••,«} ± 

2- Pr[©,. eS ^=l]-i =|Pr[© ieS C=l]-Pr[©, eS C =0]| (8.18) 

aM5IA@^2Ji*Til:ii®fa»W^^fl?MI|jtiH-iR»(tt«£A^{0,l}"5!l^»Wa»). 

ffl{±i}*^#{o,i}, xor is#, s 

pr n^.= +i - pr nc=-i = e nc cs.i9> 

_ /e 5 _ _ ieS _ _ *e 5 

SW«aiH-3R» 

8.5.2.1 

^a 8.26 (/MS8&££2§) ® HtSilffldUfloO, ^/:N->NfP* :N->[0,l] ji£ 

/(A)^c(*).exp(*/c),fllJ#4- y hr3feA/W«-<i«^»,*i5fi 1 W|6!lAatH-|^W^a^. 

#S'Jilk, nJ^/(A:) = exp(*/2c)S£-(A:) = exp(-*/2c) 0 B^P^ 3 8.26 fft/MS 

&%t±& (JE##£itK[10])o (LFSR) #J3&, 

LFSR *#±tk, -7 *P/b LFSR Mfi1*HE»AGF(2) 

±W * ifift/(*) = *'+£':'„/,*' ’ J£+/o=l, M LFSR E±3 %7j^ 

Vr* ( .|e{o,l}'WM4jjll!!l (/tM#-fc) amtffllTaffc r 0 r t • (@8.5) 


© Ep^®#S!( c *1/. Mlft^fc/fESi c-log(//c). ftffJJ&tU, 

■f1Jffl##£iSK[l0], -*-»c{X*2 (BP* = 2log, (//c)), iMJffl #%£!«[ 170], * *log 2 / + 4iog,(I/£-) . 
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iimi&n 


r = 


, / e {0,1,—,/ — 1} 

TjJ ■n-.+j + 


s i 
i -1 


( 8 . 20 ) 



8.5 LFSR^S ( t = k/2 ) 

yc bp —= (gpi$g*/w tMt$) ®» 

msv(*) tb#®th r =''o4 - r i( k )-\ (8.20) i+n„ 

^ 8.5.1.1 W|W], 

<■€[/(*)] a-mm&), /tt#. 

Hcttife, -flZ LFSR liK) |£j ia‘I 3 » ^u'SEf'l’"?' /o>yi>‘ "»y(*/2)-i’ 5 o>- s i’"‘> 5 (*/2 )-i W ttl^'fAZ.S ( £ [((^)] (—. 

iafti'j^), itm (pp^)<. ® 

8.5 2.2 J&ffl (ffiflO 

Mffiwisiw. “*&sr (aE “«”), t»m$i0]itt*g 


(Wife) £+M^w*ms 


B 


x =y 

rffifHmM2, r&'*'&&&&& g±&. 0 

lit, SsAGMftf, v»z-^G( S )fl(irt«« 2 , 

rt«) crn^m 8.33)0 wo#l G ( 5 )l > N$fi 

#it m, &mwM nrn£o(iog|c(s)|)o (ip*r»A<j) 

( bu ^ s a 9.3.2.21?), 

(a 9.3.3 ufjfp^js 10.6)0 


® a-S: a#S'fe«sw-w$a : s^'&-^*a«#AT-MtiLW^nr^^j® I t. &»*/=/?(*). -wra*«&*«*«* 

tf) I WM.'t’BfiW.jS#. ®#ffi-W4exp(r)Wpm&«, <ttfflr4'6g#lfcM#), S/(*) = exp(/2(*)) Ift, Iftfa] 

2) poly(/(A)). ##*i«[IO]W® 8 HOSftT-ttttffl OO) poly(/)-W(BJ@y£. 

© a-»a^F4n K« 


(r > 

r i-i+\ 


0 

• 

• 

• 

0 

0 

( r \ 
’ 1-1 


O 

• 

• 

O 

O 

/-/+! 

( s \ 
s o 

n~t + 2 


001-0 

• « » » • 

« • • ■ • 

r i -,+1 


0 0 1 — 0 

• • > * • 

• • • » • 


s \ 

# 

• 

• 


« • • • • 

• 


« • » 1 « 


• 

r ,-l 


0 0 0 - 1 

^-2 


0 0 0 — 1 


s t -2 

^ r / > 


Jo f\ fl ft-\j 

, *i-l > 


Jo fl fl **’ ft-\j 


< s t-\ > 
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ft 8 * 


«SK[90]+ 3.6.2 U). /Mi#££2§££-#KiM “ttlffi#l" 

MX^o 

JF^nHt^T. <l'<a®f-^WI5tt*ttWifii!5UR+W^. ®Sfefe±. 3S8.34M, 
BPtt*SPRW«-'(S®H: (K‘t , K : t'S'^)^7nftM : FilJrW<S®f±IR® ) tell#7 

(Bp l M 

«?g5) (li*fl«iflbt?E»±#f * e(k) ). ®^Xr5£a 8.26 ig±i£XIX pmfijjmi?l&r& (BP 
/(*) = exp(tf(*))) = (/,(*)$1 

8 . 40 , 8.24 to 

(BP/(A:) = exp(2 /?( * , )) > S'W-»l®ta. &$££$, t#5'JM 

££t&r&^/(*) = 2 20(4) , «*r(*) = /2(A:)>h®S^^^W$ 

#Fg^M^^Jf(*) = 2' /3( * ) o &m2.> * = £('(*) + log(l/^(A:)) + 

log log/(A:)) 0 R^A: = o(log(/(A)/£-(*)) + loglog/(A)) „ gjjlfc, 

KHfl6#^J£«^W-7cBltn.»raW^»7C (/L¥> fgTOIliBS 

(a##£ii*[86]3.6.2 t>). £*Xft&%fS7 
“MU” MHJg. 

^ff<2- , na, TOffit 

/Sfflo 

8.5.2.3 . /J\^ 

*txi§tir« 

.Z,"=i c >f' 


(RT^ffi5:^)W^^J^X^M^(c 1 ,c 2 ,-,c„)eGF(p)"W^#^ 




. g-'TO 


11 ^ -'ll 

<fi) +S (BPSp=2irt, <y = -l )o #TOJieI 8.42, *<6&£i.£i.-.C, (#*Ni 
»TOM£-) W±#pT#5!)GF(p)x^ =i c.^ 

fj; 5 c gf(p)", M s gf(p )±ji 

*). mn^m, 8.5.2.1 >$m 8.31 ^WLFSR^it, £P*±TOr@jGF(p), #*#fij- 


© sttEW®, m>j« 8.32 M'wat-^wife. 

® (BPW1'«tipi=itt2.iS) W2|ifr?B»W?9,4i. an-pMSI® 8.34, 
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iliTU'fct'l' 


(M£) % p le £4>e = [log, (/»/*)] „ i£f+f£ji£nJfflTftr 8.5.2.2 

8.5.3 r«ffl±wwtn.** 

#&} “M&” ttM, 5ffiili£^±WBi#LMnTtfI'J^^*±W/'{t^?'Jo & 

M^fflWI®^l#-TfeJS^* + (/'-l)- lo g2 rf . & c 1 1 2'’^® r t 1 ^,6'M>r, l+7-fc 

Cs&fcmo i h Wffl 

±i»w.**f). wsmftji. ffi-^{o,i}' , 4 i tt.araa!T^4^«^®. (fcrsfcffl+MRMUi 

#5fc£jStfc > M4J® (MXfflMM 

fn|ja>. 

^jx.8.27 (Mig®) {o,i} A _t (RrugaaiW) GitaMjm ^{x„x 2 > -,x r ), 

tn^mimrcm^m^'^e-^m (nm) m^T^{o,\} b , m'j>~^m 

H BpPr[3i,te*,er]^l-<y 0 

m&, {o,i}*±-^-K*/'wjt«[tt^jftM)-«taw. < 5 =(i - e ) r . ±aw a r 

&®RS#ut$m£i§” . *#nk, «s 

r^s 

(sE«> S-^SRWd-iEMffl (^regular) M&, 

{g,U(5cn), n*G N %N<£&$)d-]Emm, RG„ffi%mmmmm 


*h) ±I®3 j/U *7fSfttilRlH. 

^nriuffi). <5®> {d,x)jf-ym. a^sjSL-^±aw “jiat 

it4o. it—^waeTfpi##Pf^ e.2.1, 

xtT$frA n (- 

it&MiO. + v&*3|ie{l,2,.-.,rf}, jg® vd!|®/t«I 

5 “M&M” - mSfeiZM « e N , Wft&i&ifcSI ieS, Jft/g. « ^ s < 2» ). B 

e.2.2). 4 

£*i 8 . 28 cr 3fcfflBS#i»»£S) 4- g=(k,£) a^wjssjc a Mir*®. 

#gi£&i4jfef!IT—'NS/Si. ittrMM ^ 

WI$I^ 


® a</ = poly(t/A 2 ) *£±, rf = o(l/^) )»»«««. HPttBIWttfiljfiftU!) 2 WWW, (Hfi£ftfiji£1'&<m 
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p + (\-p)- 


v 



( 8 . 21 ) 


iiitt, “thMtii” m ^m^vuvmm, n- 

7f-ijfflf=i-/9Bt), mtz, * mm& & \-s at > st 

S = (\- £ ).(\-s + (A/d)-e) r ~' <(l-(l-{A/d)) ej, #«i^[135]4'^tB8.28 tfjffi 

m , 3 m 8.43 4 1 wj ^*a 7 tt^c 8.2 1 ) mu m±ps ffi m «. m® sa 8.2s & ^ m m (2' J • 2') - 

r&®. nffi\&j¥nrtTJi s s L MVtMsm{£,s)-m.mM° 

ftg§8.29 (r3feffllfi#l««!FS^#) ® 

• XtfftE?irtSU>0.&{2>eN}, #{i-^0j^^W(2',I-2')-r^a. K4 1 (eNl 
—5tt : Fv6[2"]-{0,l}"|P/e[2']-{0,l}', 

v ms. i j&w^^iaf^/’,(v). 

• ^fW:N^N, k = b(k) + (l’(k)-\) t<r(k)-b(k) , UR v 0 e{0,l} b{k) W 





^'( V 0> i l >4’’">'/'(*)-! ) - ( 


v 0 .v,,v 2 . 


IW 


-.) 


( 8 . 22 ) 


v j ~ F h ( v >-i) 

jUJ G Mmkl{k) = l'{k)-b(k) , RrtttMe>OmS = (l-(l-I)-E ) j {k) , 

IW. 

GMrmm±iM.%b{k)^ki 2 (r/'(*)=*/2o, 

+ eft S B $tm{0,l}"± 

{£,s)-mm)¥m, (hpi+t-ks) 'Hfc&pjfi'K 

am pcp fn^orMtt (a##^c^[29] 
+ 11.1 U)> <J(L##:fcitt[9i]4» 2.6 70, *f& (# 

MPft^ D.3))o 


& M & fi 

^ 8.1 flsa7*#wifew-®ttia#i«[^*. (J& 8.2 

tO (J& 8.3 TO 8.4 7T) 

£iaffl1t«+. ££3SiIfrT £ 

# 5 $ win. #a3£&2ft*to*£JS5£winE#*M#*. m%.t, 

8 .I 8 MW Nisan-Widgerson 


® WYfc*»«a&KSfnr5t=Mg». bp*&s;#» * w/\ wykjs*6+o(/'-i). 
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iWiu/m 


(JE8.3U), 

Mo mum, t-jw. 

* 8.1 OW;£ *#-!»] ®$c#£&MoEvEC Jl 


mm 


43§ 


il-:M£BSDlK« 


^IhJSKX'I-SS 

©tttt 


/-TcJfcfeScS^.SS 


<l'« 


r*BH®#L)Sj»S 


K«-M?£*i 


p(*)-fHm p'j-jf t.e 




2 */^l) -llll'll] 


*(*)-’£f»J. *(*)<* 


*/0(1)-$fB] 




antaiw 





poly(k)-Mf H J 


2^*1 -Blfu] 


o(*)-^N 


0(k)-’% |u] 


poly(*) /(*)-BJ f'J 


p°ly(*H(*)-litlHI 


poly(*)/(k). nil'll] 


r* 


<HIJ *(*) 


poly(k) 


2 *'«('(*)) 


poly(k) 


2* ,0(l) f(/t) 


'*(*)•*(*) 





EvEC 


felt J- poly (*)•/(*) 
-MIS] 


(!oiMrtilu£> 



ig {0,]}“*’ *l®Xl (°-5.2' m "’ (l) ) , Hrf, /'(*)-((*-i(*))/0(l)) 


tt«tt»££»Waja«a 

wAwft. sttiM, airot i-j^ 

w# “spusiews^ar). (je 8.5 ro 

ftAA^o 

'Sttl Goldwasser in Micali |l08) 

(Mto. & 

—Yao (2391 ^ntHo Yao 

Blum in Micali [4,1 ^¥»fI#o 

Bium in M\c a \i l4]] -mmnim^m^mi9cm, 

»££#. Wn. itTfl-:-!' 

^JiaT—ItSAHi^. (fmnTJAL J f#%3t^[118, 239])<> 

mm a @ fft fiii # m 4: tt faimtimmwit, c ,+, t £ x >, 

VIRmWWk (JEA ( 8 . 10 )). 

£51 8.11 J.iXS^|qja#|[^|E) Ji Hastad, ImpagliazztK Levin 

m Luby [l, 81 WW^ 5 »*, (JE£ 5 I 7 . 7 )o M, £jg 

8 .ii E,my\£w-ftmm%$<, cje 8.2.7.1 m 

WffiWA— 

Goldreich, Goldwasser 111 Micali |951 |tfcb 7f^jl®lE^ll5[ (pftip: C.3.3 #?Mi£) £ft£ 

a, n^aij^itAvi-o ftfnaniiia (#«=#«) 
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7 x v 


Yao [239] a 5® & u, hi w f j ffl # ■- a w 3® ft is #i» m £ $ *f Bt ibj nMmkWi a it . 
Nisan tl73 - I761 igHiT— 

ffcM#£). jic-am^ltblEJil'J^l^ia'f-fcW&X. Nisan |U Wigerson m [173 ’ 1761 , M# 

%xw s[i28]ti^aiw». ga 8.i9 w®—an# cm “i^r iBiiatt,) 

rtl Impagliazzo 111 Wigderson" 2f!, iiEI$, MJP52H nil# ( B|J “fft^SI” ®|5#) B] 76]<> 

Nisan-Wigderson tB 7 it- ill $fi Ih'i i£» ix 17 jlj fH I5tt ® -11- fi/fi 7 7. 

urn wx&i£iffi*n.ttii®ts [2221 cm^ D. 4.2.2 

r B 0tl^i6)o 

(kkmnm ra, & 2 ??usst*#*** 

iaTlSSWIMM'K igitlBM, *^#*3M£'Mfe <***1*») 

(j*L 10.2 U). #55iJJig#*S-^EB 

Impagliazzo ftl Wigderson l ' 29| tiEHBEfr7tl (fi.^®WHil!fti5:IEX4 I )> K-B 1 W if: &U i|c 2?2 , 1P 

c/u 7 -##) 7713-7 txt^, 
n ji ie m w ( s 1 j #t ■■ *t a m % m & at is j * # w # *u >. 

£7 W3l-fli7;£ (4| 7li7B, ®«®Fft3r|i3fi«J7FM*7te 

ffrw»0c<s*«c»7 

(KiULtt) EfeS§^B^$a, ffi 

£$1*0 SEW (BMfl.) 

{SJS& 8.4.2 umm WPf^WttSW^ife/JflR^: 751 8.21 Nisan i£7^ [174] ) 
#173.8.22 ( Xffr Nisan-Zuckerman S#iiS |1771 ). &W7m6i7##3tl$iK[12] r BI& “PHtic” JS 
jfc, 73 8.23 CBTL^SC) eB -Aisan uEHJ [175] . 

4 , Wfr0t^)o 0%jcm[6]‘pm%mrm t-jtmz. u^d 

Naor #1 Naor |l70) 7X7T3i&, 7 3 

Ajtai> Komlos 111 Szemeredi tSi7, 141 . ULiit^MiT^M LEKjES# 

mm. 

#iij&#, i££iJ773 8.28 4>|fi±PR, i£73*g7#%:$tiSlt[135] + 3l3 6.I. 

iEia—BTWia##^:®C[86]4 5 H 3 :^)» ^#^##^tKt90]4 , B 3 

mm, 7**an!r, 

^ D.3 D.4)„ 
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#]S& ( 0ji5L 83 WltmD.4). 


SB 


8.1 iiEii3in*xti®#i«[m^#^«ttMTnr±wi?^. 

“££f£” tilEM, Mi+glSW, 

G: {0,1}* -> {0,1}*, «SJ£{G(£/*)} t>N *(a)ttBI#lW, £**Mi**e{0,l}*. fj|C(s)| = 2\s\ . 
ift—M GT4^^^tm!^rartit#^o 

il*: (iE##3ti^[ll])o lT5feXJtt*@^W*»C:{0,l}*->{0,l}, 8Ej£— 

^»±K, *1^# 2" /2 t 7 ntW»i^Sc {0,1}" , Pr[C(G„ ) = l] -(|{x e S : C(x) = l}|/|S|) ^ 

M*fr ,s . im&&'Sr ny {'7im&)M^scz{o,i} n , 


2" /5 Wte&TOE# s •fis&^l^WTC*-^ {0,1}"±^^W7C^, SME^ItiO 


i—/i / 8 


8-2 8.3 e^nTfgi-feo 

(D&A Rn»^J3tfn|JS^:{0,l}*->{0,l} (£ 3TT^), A c 

mm 8.2 ffil&a ffim^RTIBlfeSI—>HBAx, « ^ ii llflM4R$. BP 

imm 1 - m a r , * Rmiasi-^ x e {o,i} n , \m pr|> c (*) * *(x)] < pr|>(x)=*(x)]+ o.oi # 

(2) BtlSJJfii, £n fait 8.2 #f 

ra, ^njfg^fy-^Ax, ®.&a 1/3, 

ilE BJ M Af- $$j a r , ^ ollbJlcS'J - 'f' xe {0,1}" OS's , fi % Pr[(x,v4 G (x))«7?]>0.4 , ^ tf) 

def 

S R = {x:3>>(x,.y)ert} . ^ Pi —1" x e {0,1}" \ S R , \t% Pr[4c (x) *±] > 0.4 „ 

8.3 im%'^ (8.4) 

3stit-D\z) = \-D(z) o 

8.4 (SifllflWJ:). Mg# 

(BP2f = y S.y = z^##^ = z )o 

8.5 ijE0j3^m{A„}„ eN ^{y n } /ieN ^it#^prix^^, a jwj 

M*.)L, m {^(^)} neN pte #«i. 

£nnir&z> PmE#Jg#, WJyi>S.D'(z) d = f D(^(z))WZ)'0]-liJUx^>fj# o 

8.6 ^53H8.5+IS, M^^if|f:#jL|Sg|)4, -felled, M# 

Sit#^oTE^Mm^Sl'0]{A n } f)6N ^{y n } )i£N s^f { 04i'H]^& ,4, ^#{v4(X„)} neN 5pp 

{^(n)L N ##it#^0TE^ o 

:^: *M£®—^•tt^$faj{^.} IIfiN fll{l',} (IcN , $!£/(*) = 1 
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Pr[X n = z]> Pr [Y„ = z] „ ffiBj |Pr [f(X n ) = l] - Pr[/(F„) = l]| ^ ^ . %&*f/ 

(ifrfDD $JR> (^n^Pr[^„=z]|nPr[};=z]^jjfi^1I, — iL£lJ±2~ 2H >° 

TfJi§]SSI£izE. HM^kitff-T'PTE^fKJo 

8.8 M&g 7.7, XfitoT*&il&&'&-£WiiEiil3: 

ifJ|W4j£MM$I'h], &®£raM&THE««iE. SMSit^nlE^^o 


8.9 ( «18##ilW[88] ) M^IS 8.7 . HTJUitt* 

i{^)„ eN ^ tozmm+iEzm*. p m twjs 

«, Jf,-^i;W3g#KW^:T*i/p(n). jfilEfciT 3 M#&£«04 |b] 

SEihffi*«a^MSTHr^HrE^W. 

(D fiEw^ife—nut. 

Jt+A'j 0 (^y n (,) ) ^ja; (aRy,) m'ktr.mJf, Rt(n) = o(n- P (n) 2 } 0 Y n Mi+ 

def - 

isTPR, %(&Mn-S„ ={z:Pr[X„ =z]>Pr[P n =z]} • X n &S„fp 

(2) f!jn — il?4* W {-^»} neN ^ {^nlneN ’ — 't'fe :$S4. (False Entropy 

Generator), C, G(t/*) fl«J#Sfc e(*), M {G(£7* )}* £N *5 

^JliWfB]^it0 < ]^*Te(-) + (l/2)6<]M$$l'FiJit^^nJE^ o 

H*: ^5 0 JfPS, *)£#3¥&, *J£Jr.-5 0 (G poWl , ) )&y.-S 1 (G p(1(y(ll) ). #fg££2§ 
G(<T,r) = (ff,5 ff (r))S^Z (I , gfHI$ 1/2 ^(U„X n ), g»J, ^T-(G„K n ) 0 ft*: 
^(l/.,!/^)*, jTff£Z„+, 

fch^^Ei+^Si^io 

fijffl 8.2.5.3 U+lttM (HPM 8.11 + ltti4ifc)o 


8.10 ( &^%w5 ) %‘iftlg 8.6 ffis, i$.Wftl £W 




t< *■> 


|nj, 


3£#&i+#±^nTE#, a—ifcife, 

±4)^3$faj, rfo^—(BPRWp°ly(")^$$IKiMt £ #$E^). £sfc±, Hn^ 
$ M ^ fig* £ J® iW I'b] fa a o 

ffiB^#ffiIM</:{0,l}''->[0,l], ( {0,1}” 4 1 ) fttEiPi J ^$X'fty H , W#/>e[0,l] , 
®^Pr[^(G„) = l] = /7-Pr[c/(x„) = l] + (l-p)-Pr[rf(yJ = l] 0 ®J m "F 
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il tf-UAfl: 


n, &nxt&M wm&mmm mrm^m#u WPr[^(G„)=i]=pr[z(z,,)=i]. 

£* : + 'N^tolR* 

#E^». nJWE^-^-^^o 

8.11 ( iT§fe®»WS5[*, £ —##)ia 8.7 4>toG, & /, #fg G(s) d = G, ,(W) ' H ( 5 ) - 

3£4> Gt (x) ^ G, A X mix i A ( BP G; (at) = G, M (G, (x)) & G° (x) = x ). M G ^ 

8.7 JgSftttigffltfcflmfc (in^isffHtfU). 

7K : f Ij ffl Vi'U vi . 4>3? i A M B- ^ c; (g /( a) _ ( . ) , i = 0,\,---,l{k)-k 0 £ jt : 


cr' (c/,(* HM i, ) = g; (g, (t/, (tH _, )) il g; (c/, (4) _,.) = g; 




V 


G, , J, #jpjffl3«8.5 


J=L-, ^,(*). 

8.12 {^L n 

Wo *jf§^jgJJL, &&}*** (T-tfc«p) 

Pr;.[^(^(Z 4 )) = 5,. +1 (Z,)]-(l/2)prW^, &+ ie{0,l,-,|Z*|-l} jffiF,(z) (j£ 

£, +I (z)) z to/fcb#FiuH (g£lt/+i tk#)o 

ii mm m a % n abi 1 rja pj mm tt, inm&vi, m*§ 

MWm, m z* ft 1 fck#M. gW|z t |-/*ja*3 

SMfrtobt#. Hilt, fcJ*jlBE#fflifitoia-£ (Xt&Az,^G |Ztl ), juiM-g-^tfeE#— 

a#toffl«?i-&. aXffi^TT-tt^ptoTOaHt. 8.9 toil 

«J^v£o 

8.14 4 / b % /tos««*il^. *Mi.i:M5S /, 4 

G , (5) = 6(/ W ’ , (s))-6(/(5))-6(s). iE0Ji{G'(G*)} J^nTMW (£>JI£ 8.12 tol^T). 

ffl&iiHtfe, ®«»rT^^toy6{0,l,-,/(*)-l}. {G'(G*)} toy bk#M 

[it, #vi>i'prWMG'(G*)tomy+i tk#o ^5t^(/' ( * H (5))-^(/ /( * H ( 5 ))Ht, 

#v*Z'pTWMS!!|6(/ ,(iHy+,) (5)), Stj|E{0,l}*±^M. ^mnmA, ^%i%.y = f{x) 

st, (y))-b( y )\mA'^vmmxnb(x), y£{o,i,-,/(*)-i}'**& 

^1 i # • { 0 , 1 }" ± to a *, & m b(f j {u k ))~b(f(u k ))b{u k ) 

torita&tt*. 


® m A«« d,.d 2 ,-,d m :{0,l}" -»[0,l] . ffftm+l z< ,) ,z< 2) ,-,*!'" 1) A m+1 -Mil A I p„ 

P 2 ’-’P*-\ • tt^HElS I e[m] . W Pr[rf/(t/,) = l] = ZjPy Pr [ rf .( z i' ) ) = l] • 
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$ 8 % 


8.15 G 8.12 PUIJtft feX 8.1 tcXTM 

m*-. o. ql& <8.2> 

8.16 (§ItH|[^K4Ht)Jilil^jSC8.l2|EJSCTiHf^RrE^ttW®J8C (SPAA (# 

Co aa c#-&w> 

(2> aa (^-aw) (£«$(*) £a#*t 

1 ®5A a^]^'8.10o mm2M, &t(:£lftj^8.6iffBjyA£j&|ft#;fcTO 
tKAPIE#*#*. 

8.17 iffBJ^it 8.17 4]HK!l*|MMii:XT^rffi^5fe». AfMk. imtfnfem 8.18 

ffiiU§+«aiMOd*Btt&£*G\ ^i£8.l7£A$. 

8.18 8.4 (#<g« /(*)>*>» ^mmm%o(2 k -l(k))^n, fgj£(8.11) 

^ffotLo 

8.19 OtmgJl 8.18, #Ui->h#^*tt)jtfttJEr>0, $i£-A$P£5I8.18 

(2) + %tpm(k) = a(k), l(k) = 2 n(k K 

31*: fi«r<l, #^m(k) = ( r /2)-k%l(k) = 2 rm{k)/6 . 

«^^5„5 2 ,-,5 /(t) , j£#S, A[*]lttliy™(*)AAii. ^tirffi«|^S I ,S 2 ,.-,S ( _ 1 WS!^® 
£#'K <JE##:Stitt[ll]) iff.BJA jy*±4, fffA 

—A0£M w(*)-A& 5', —Afitflifft y £ii7cff AifcAA rm(k) Mfc^M'A 

2~ym(k)i6 ? I*] A &J 7U Alfc A (t'/2)-wi(A) „ |*||Ifc, — A ES #1 Eft w(£) -A H % if 

/-l</(*) = 2 rm( * )/6 AAIftA^-Affi£ AS£M*) A£fi<jMAJEo &M: nJ&ttm 
f k 

(ir\ •( / - 1 )' W (^) <2 * •*(*)•* AfaiaS, , JAM SnJ^Bil'B]k2 k -/(k) : <2 lk (*lit#o 
\ m \ K )) 

8.20 8.12, ffilJBfclS##—AM&A s 
Eft<&!£. BiBIS <5 E^z, !*£/,, B!l#^/</ = |Z ll |sB«tA* + o(l)W*». ££Z„W 

i+ 1 tttfto 

*: 8.12, a#: #*Ai. &£fe»BiU5d>£//M&6StE#2&i A 

/+i a-ma-o 

8.21 ffii£f£|i£ 8.17 AMAS, tPAfflSS, JL f : {0,1}" —> {0,1} ^ T’-A nJtfii^lft» iffBJ§ 
*MS*8E8Sfc T - 0(1) [ft Efej& C, W |Pr[c(G(t/*)) = l] - Pr[C(t/,) = l]| < l IT . 

£*: fjfflffiM8.20iff &M: G(u k )it)m i+i tm^nm 

it iEA. JAM, £nJgfiS*jffti4OT«!l, JM&PJ 7Xt f WAAL «±, A Ltt'JfflA-tAiia A 
G ( u k ) whit 

8.22 ( ytr^^fl 8.18) ^/,/M,/n',7’:N->N^^ ; /(/c) 2 +d(/(A:)2' n ' ( * ) )<r(w(yt)) < , <fg 


m i tk#0t, wrW.WM A| + y ttJM: 
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iitruAfi 


(1) /:{0,lf-){0,l}gmtM. 

(2) 5:NxN ^-2 N . k &/ = 1,2,•••,/(*), ^f 

S(k,i) S [*] & |S(*,i)| = »»(*) - Mftjt k Ri * j , m |$(*.0 ClS{k,j)\ ^ m'(k) . 

MfOTOig 8.17 4'MM G, ^S i =S{k,i ), I 

Um: tti ffi m II 8.18 MM, 
l(k) 2 +l(k) d( 2 mW ), J.di*«^M^*0/2) + (l/7/(*)) o 

8.23 ( £51 8.19 2 T, £ 4>#£M T-^fa Jj&UM 

def 

WU 'BP'Pc ri e> oD -time (t e ), It 1 } 1 («) = 2" o 

}i^: ^jffl^®8.i5, rtif.M%WRpRiiM‘%$k£>o, -^r 

&*>/(*) = />(*'") M IE H'J * Bl #L £ £ ». 8.22 MJ&j*, 

m(/t) = V*, m {k) = O(logAr) , && 7*(m(*)) = /(A:) 2 + o(/(A:)2 m ' ( * ) ) 0 &#, r J3>it, 

8.19, RTfc3J—^SS/^jg 8.22 %#&}%£%&t (*r±&#»>, #f'Jffl£5I 7.10 

nTiEo 

8.24 () M£S 8.19 

JSiEMI*lfi4n.^##4WieMI^#. IE—#Hfe, i£Wr%k% I 

$&$%€*&& r-^RTiaiKWiH^. T{n) = l{n ) UO( ' ] . 

Mft*. RTWiI«±a»r1r. *££MOy£MM^G:{0,l}M{0,l}' w , filial 

/: {0,l}* +l —> {0,1} , *J£/(*) = l^J.tt^#«*e{0,l} W "', ft# * % G(s) MMo ftli: / 
M4 1 * , G(i/») if ME#3§. 

8.25 (Xt(s,*)-ftHft$fc££i§^»BlRiW ) #(•**££ 8.20, 

<n.»[S^«wr»/w±R. 

(1) $H&s(*)^2S.*(*)s:i/2, JjilJ / (^ )<£•(/:)-(A + 2)- 2 t+2_j( * > o 

(2) miMs{k)^\R£{k)<\, ^}I(k)< 2*„ 

H*: ^>m 8.37 8.38, pTM$ 2 MW. 1 M, fflSffife, 

>j/^) = f(A:) (A: + 2)-2‘ +2 - l( * ) 6<]^4^^ig^^^WrTW2*^. , tl A: fcfctHfcft?), 

a (l) ,a (2, ,-,a (2t) e {0,l} W s M ftzhtil, tU e [/(*)/(* + 2)] , 

4^1^, Kimg^mg^x 1 ^ 2 ,-,x ;w €{0,i} /( * ) , g>£s, 4>&# 

$ a ((,-').2"* H +1 ) ^. ^' ( * H )iljm^(/- 1 )-(* + 2 ) + l,-”,/-(^ + 2 )±WS^o ffig: 

#lMd>ScS2fc£#M(/(*)/(* + 2))• 2 i( * h =2f(A)-2‘^Rr^ai, M—^hRSIfl (/(*)tt#) # 

(/(*)/(* + 2))• 2 W * hH * +2) = (*)/2 . 


m &M: &*MMt 
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8.26 ((*,*) 8.25 rtteMffili 

s(k)<k-2\og 2 (k/e(k))-0(\) 




I—I / 

m 




/•2s2 s W^^fSie&o 

m{s,e)-T-ni&tt (BPftESfs]^ , mt-mi&mmfcttmmmmmm* >. ^teii 

»/:N->N. {(^r ) ,^rf ) ,--*,Jri' < * )) )} AeN 5pn{(n (,) ,n <2) ,--*,>; (/( * >) )} AeN 

Wim, K4 3 4’> m x[ ,{k)) r n (l) sij f’liaitttti, x® ^x k mm, r* (,) % 

n*B0. 

&t: chp^wbj*) 

!SlRJ§'(*)-(* + 1 ) > Mfe (WnMlfl*) 

8.28 8.21 + 

^Tr e {o,irsA (1) ,/» (2) ,-,A (,) e//„, tii2 '^ n 

8.29 (it£tt ) #-^^*C:{0,l}*->{0,l} f( ‘ W * ) ft *-7G&:fcfcj, U\ 

t (^±ni) e^—^bpi$^ 

**»«»&* siastf4#M (BPm/^^as^itrffiBsmwM 

tTftM. Rl%fS (gigj&tfl) *SWa«#iPnr. &J5SE8 i£ 

2 ->m, %*b(k)%tkK%, 

8.30 ( t-7t®L&£*k& ) uEQBftlfrjg 8.24 G HSW*± Gf( 2 a( * ) ) ±-^ t-TxM 

al (El J* M o 

M*: ^i/f@$65T#i„V-4</'W], (BP G{U k )^£ 

tfi„/ 2 ,-,UTO). MOT* t ^nT^{tv 1 ,v 2 ,-,v ( eGF(2 AW )^^j^^M^?iJ, 

#M-se{0,l}* , =( v i. v 2»"-» v ,). 

8.31 (8.25 W#ig, *|W);t£tOT 

&s )itf*6{o I if w * , ar6{o > i}‘ ( ‘ ) 1 

/: = b(k) - m(k) + b(k) , ^ 

def j v 

G(s,r) = (/4,v, +r ’^ 5 v 2 +r,-”,/l J v / , (jt) +rj (8.23) 

M5£ (8.23) tWCl-miAi, r$fc* 
($$*« ftj£H7.7 Wilffi+W—7.5). M, 
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ilftU&fl: 


fiEEst (8.17) *f|(j GM— 'Hfe-fcJKfc b, tnfc% l 

H*: yTM nJfslH'tMT-Mft^Jit. fiti»e [/'(A-)] , ff?ij G(t/*) 

+ i^ TiM' MfeG(U k \, tE{0,lf k) 

*e{o,i}‘ rttW , G(^t/ AW )^{o,i} AW ±^^« TM, £SI0R5ffiEJfttta: ■/**', £ 
B£rG(^*), G ( t/ *)y Mfi&{0,l} 4< * ) ±i$$3$MiEi. *3 

t4W (^^(v)) £{0,1}**^^ 

Toeplitz ftM, til 

nTilHB^a^rrg^o 

8.32 (itSttW *-7C*fc:fcai«) tt*: ^3^8.29 ffl&, 

?£*&$ t Mo 

(i) iiiiir 1 

2 --maim, ©*#*-#»«. 

«*: xt((r-i)+2'- , )tk^^fl«i^^afi i #Ea, t#in <£*i&& 

S4 5 ) —oft&a. 

8fiWf. PJttjftfi&ttifel&S* ^ftEMaja&tJASiRt? 

JS.33H8.29. 

8.33 ®Gj|-tr^/«I£-Mf4l§. M.y 

+ ^JIltt^G(#l2 rtlRiff^^G(»)W«2 F»3*R. 

s e {0,1}* *#$354#. &*, x^rfitll2 ft IRW 7 -*§ r 2 MR 

w—"HftSfclfittttififtl. £ + r e {0,1}' W 2jiS)^&#o 

#iEg.y = 0 /W 

8.34 <H»»J|J$^4MiWHtfH)4-*A&te£{0 > l}'±Mffitt3g*. iiEPtiM*^ 

mu x *%u,^m\m^m^.i ,n -e . j.*Mij®xe{o,i}', w 

Pr[X = x] = 2~' ±s . 

: #f£»M P: {0,1}' -> [0,1], feX% p(x)t Pr[X = x ]. #4- <?(*) = p ( x ) - 2'' * 

3fr{04}'±M£te®»&#fl^2 , -tftfa*£ra. #JSi££fSi]M 

MtHIE3<!So — ^Etl (Kroniker) ®Kt {*«}«c{o.i}' £B/#> * = « Hti" * a (*) = 1 , ^ 

®'J > ^(*) = 0 ° H — 't' 31 El) ( # 'M Fourier ) Hi %L {/s} s= [<] £R PK . ^ % 

&M: x s*<p 


def 


/»(v.-*,)-2-" ! n,. s (-ir <K* f, - 2 > • 


© mffi£S$fe_L£lE£lft (BP*fft.«a*/?, Y/IAWM*) = 0 • Mfiis*r, -0 I,/i(*)/r(4=° ). 

*« <BPE,*aW 2 =i IL/ S W J =| >. 
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» 8 £ ftlffiftftS'l'iff 


|^ /?(x)-2 //2 / 5 (x)| , 2' 2 |^ x ^(x)/ 5 (x)| 0 gljifc, x*Hi!£ 5 W 

|^ ^(jc)/ s (x) ^2~' /2 £ , Fourier 

2~ ,n e o 2 ^2' -(2' ,/2 £-) 2 = £ . $±E: Kroniker 

F, /AMftlTrs^ijEo 2 M$tftIE£STlft&®*3£> 

/)2|ftM, M 1 (^?aiStM±^^2P/r|gl5(6<J N /2 r ^o 

8.35 (MMJi&ft) ) ilEWft* = log 2 (/(A:)/f(£) 2 ) + 0(l), # 

tf.mmG :{o,i}‘ -►{o,i}' ( * ) , m&c(u k )&[/(*)]*(*). 

8.36 ( /Jvflg& LFSR££3§ («Jg#%jCS){[10])) (#ft/ = */2 ), MWT 

8.26 fcj$i§ (g|8.5). 

(1) k+<7 M **'£ cm #o zmMmmm, &&&&& 
mam z ‘m $./(*) ( bp z f s Y-l/f' >)z> ( mod f ( z ))> m^mo w. 

#175: fif z'= Yljlofi z ' ( mocl /( z ))> M. iflj A ft Mi^t, ft z' =X7=o-^ z,+y ( mod 

/(*)). an^=^/^- ( , mi. 

(2) Xttf*«^5c{0,l,-,/(*)-l}, S / 

!«** • 


e. vjn 


«*> a*aZ„<!-Z^I^/V mm* i«. 

© ra-®i$m t &w£wi^mZ,. £S z' mm6>(/(*)/2'). 

M*: GF(2) 

± £/ 6>(2 rf /</) „ 

/in m |J 'b>'i»-»''/(*H 0(/(A:)/2') 0 

&M: ft LFSR k/2 0&Jft/j/Lf-KIM k/2 

%}£JR£.o Sit 0^11 FT ft exp(£)-|ft|H]|*]f£jig, b\]%:l(k) = exp(n(k )), {JllJ exp(*) = poly (/(*)) „ 

##£SK[io )*n 8 W&T-ftl'Jffi 

8.37 (/,Ma&&£4!MIRtt >& G^r^/j lMe-ffi&fi.*k&,#mG%ftM)AGF(2) k 
SijGF(2) /( *’lftH!*iMo|5|#,Glltii4 , W^-ftlt'#nTl/#^^^ft)tft^A^*;(^ftft;GF(2) 

. /v\ 

±M) ft £#5$®. JM/(*)<£' 


vv 


© N@iGF(/7) 
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1 I Vi U 

(1) #P^^(*)<1 mu/(/r)<2* o <u 

(2) 1 Jtt'j/(*)>*, K'JG^nT® 

Do (B|JM£ 

I^miT'^Jo 

mvEWftRt&R'* &, *Hiiu(-)fn4)> ?i 
timing ^s{k)^\, $pm g j^M-i^f/iift (Sp«8.20), m g * im‘R± 

#§o 

8.39 ^5]Jl8.38ffiS, iiEB^#^{0,l}"±exp(-/2(/j))-^^^j^-^, ;p)t (2,0.666)-{*, 
BStfllfto 

&7F: iiHBfl^'A- 

< cr,cr 2 ---cr n : Jcr,. =0 (mod3)l 

/=1 J 

ex p( - -G( M ))« 

8.40 (M#^£i$[170p) 8.26 

iC (8.16) 

vmR^, t (M^s§^), 

0(/ + log(l/£-) + loglog/) G(log(//f) + loglog/) gppj)„ 

M*: mfcn&M, MtKir, /'&^log 2 /\ ^ (8.16) ±W»nTWffl-^ISI^W 
( gf(2) mm t■ b -t/ ti^BSM/m &*/=/'•*> o 

Alfa, *tp6=iog 2 /\ #4 -^@^mgf( 2)±^^ r, 

mr t-Ttmir.m&R imimi¥m cap w,„ £{o,i}' ±m )» miit, rmuM /m 

2 ip mt m w m m & * m %> r s• w # * (s r &&tt # n p ffl # #■t m s' 1 - m&&m £ x r —t 

&&> Sffl*7 W^JS*o(log(//ff')). 

^Jii353® 8.34 asnmmt, #* t ft jumped mg R2" 2 -e' (&&m%)o m 

ffl-K:*0(log(//ff')) + loglog/Mf+T. ^e' = 2 " n -£, 0fr§?#ijEo 

8.41 ( MBmst&mmm > w.wr&R i ^£-nnmR^.^-7tmm^m <je 

W^e.i.i) tb#$, m¥ 


© a+±*j6*fit». ha (iflsaw) rfS>*i/(*)=poiy(i:(*))-2‘ w *-««£$»«&#£ <ja#^x«[i7o)). 

+Hlx» CEP/(A)>A ) nftl'&fctf:, (?<J(in, G(.y) = (.5,6(5)) . J 14 1 6(5 1 ,5 2 ,‘**,5 4 ) = £*J 1 "5 j .5^ /2 ^ i mod2 . 

JS — 4 " fi£S f(A) = exp(-/ 2 (A)) . 
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(! ± £: (^)) • 2 *"‘ o 

H^:^{0,l}*-^[2 i ]ffl^,5!m^#|G:[2*]^{0,l} /( * ) ^jS^^C:{0,l} /( * ) ^{0,l} 2 * . 

2 *], G{j)mw. « \m. 

8.42 (> *ta« P . *»GF(/>)±«n*#i?!gs. a 


S( v ) = Pr[C = v] -(1 Ip ). ffiBJI max„ e0F(/j) {M} M±-R% b = m ax re{u ... >M {[£[<**]| 

(o^jFpik#- (g) is. aZv £ GF( P )l <5 ( v )lffo-t #?■>*»n/p-*. 

$1^: 33® 8.34, $GF(/>) />-££[«]:■:, a#jtGF(p) tlW 

Kroniker » ( BP jc = / fff A, (.r) = 1, 5®, k,(x) = 0) £ (IEM) Fourier 
m (BP fi{x) = p-' n ■ co ix ). &m-. C 8 Fourier rtlR, fin £ 

83*3 ft M ffi SE^ Kroniker 3% ft) A ft. 

8.43 (r*Rtt»»£»wa- > HK*) fjfflsa 8.28 + ra^r etn^aai 
w^^mW'-^^[p+(x/dfy 2 o m%±.< biuvew—^mMc— 

r-\ i - 

\[po 'Ti\Pi + ( A ' d ) (8.24) 

1=1 

ft* 

def 

A = Kl 

”, &M: SB— 

(JirSKfflW^R^I^W^-^fiE) ifu5B 

e.2.i.3o 

8.44 8.28 imr^r fomtimwmvt wtmm-XTar mmm'bT 

r/4 


, ft* 



f V 

K al 


^« =1/ 2a A/d<yfcw, mm±.mk(32 P f\ 

nTWf#Sy^ifW±l?- ((lPnJ#%3tltt[120])o 

m*-. n,= a r (8.24) m : .% y„y 2 ,-,y m 

itymw ft*^/e{y 1 ,y 2 ,---,y m }|*t > W,=w, 2?®, W = V . 
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i£ a /l A tiL it A 49 M o 
Shimon Even ( 1935—2004 ) 


M, J&^si-mMjEffi.^vEWVtfeo MWMilEAjs, 

3 ^JM^SAiiEHJA #toiRiE0i3^MoT^iE 

f*l£^ 

w. ^mmvtmim cm^m, Ai mm> mt, '£dw#*m@tt. 


ss*. mm, TSTjACT3co3w^mimmi*Mft&^K&im%tit(mET'vsm&mn 

ifoMiAA coNP NP-M^SE (gp J7V7> MAP), ffctf] 

“ilBjj” rfffliffijik—f+ISfifll ilfS, 

M±, Afl'lAiAAA K & tfr r h&iSEAMillft m , 

m4-A#NRM@£. 

^E^toiRijEB^^, (Mil#) I^TafgWWAK 
AA. #^iiJftfsjtoiRo 0iJ£q, A £ A in ft A A A m A fA M # Sn A ft Bjj ft ft £ ^ ft - ft »j % 
ALWM. Sift, At^^nvRiiE 

m ffi f& ijj 3& ft A i$ iA ®r s' m # $t ft ^ f# A f'J ft ft K ft in A (ft A ft A #• ift miMiEmZfe) A 
Mi&raiftxttto AfnM. s^i^t^ttissT j^p'Pum 
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#9# m 7 ill IW % tk 


g£, NP-iEBAffcAM 

^.nT'tt^uEBJ (§£PCP). feTlEM&l&MXZ.ft' PCP 

IBAo 

n\ 

4HE^r^JJC±, iiaMMKB. *£_t, SEMR^ttM 

i&X. TO^iE&g^pF.ivikl&ltiEBJjigiSk^IE^'fsIiffl 733c* JEHU 

site, tb^ffl'EinwiEBjMaSo 

wmmnwmm^mmwMZ±o • 

MEJM^iftiEgffffi^. !6iEgJ*liB»t9J£©iEfl(&tefflTiiSJSB'J. -'Ntgfctg* 

(JAM® AM) 0 

ite, j&ftifcg, )A&* 

±itf, (JiR^&l&TEgfPJgJSCM). Mlttmtt (BPJ2$t) 

3£*iE0A^ 

(inwj^jsc, tm&^xmm)* 

cja##3t'^[55,225])o A*b, a#6i^*g^WI&iiE+^M. 

MMfeSifcffl ^PlPNP-ilWig^ggiiglR^ (EM 

2.5), MMIitoil, NP-iI0^^^MW^Sfe^AW®^W^M/7®o 

misted 2.5 >7, ffl ei 5S M 7 m a in m % & * w m m & (-^ffi) ni¥, -mmmmm 
MKJtABfrg-fcSltt^ito Site, Mgfflft&fiAi? 
ft, MMnAMAMKlftiEBA CfiSIMfctt^iEWtt-fcJS, IStiE£«*M), 
o^irsW) mitm£mmMikhNP-vEm%$t° 

M±, ft $ & ft%g If- NMfeMZM An-tIS % -/i*g7;BX, JW NP-iI0j§JtoT®^iIiE 
0Ji <BPJ^?6S#f&ffig#mEiS*gE> fa M, MMfiJ, 

iciEW im, 

• 5Si;ffi^*a£prffl^«iit(WiSjSCW)^»iiRiE^. Jf#JIWS1^3ifcg&K#J8C. 

• NP-ffi^Rr(U»«H!i3|tibA—ft5£«FS*a[«l^l&iiEW (%&) $${fc&tR1IM: 

iiF. m 7 Jill A 7' MITSUI0 Mi GP »1 . 

±&&&mMty?mmmfeTmiEUi¥mmn&®L±m' aiea 

tftii#. &-$?&. ft wii ua &mmtimim^ a m tJi m a- it-7 m 7 m 0 . site, m ^\e 

i^II. 

—^>H© 

^IS-^HEBA^W, (tt#ffc£*fl6iiE#to$feA) 


mm 


ffl SStil - * a ft I'a] itt ft fit m £ I mttiM. 


tfftStiiEHflJf;«4 , a«iES. SfXfXji# 
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il 


. MM, “7 ^1A H \IP P” 12I'lIHj A ®T H K (ft £ JjJiit o 
J£2#P1RS#U ±j£*j- NP-iiHBJil^^tWi'ti'&&iJSIi^#^I'iwo ’ 

fcinffl poly ffl log ^^RTWAPRAAliSfiSil (BP 

/e log ^.R.'fXS/(«) = o(iog«)) 

MMiRMWSlillio 9.3 (PCP) 

ai®. 

m&%nR 

ftmmmM&mmb (M^d.d mmmtmt (jal6.i u> MM&iRo 


9.1 


5£ 





/J\ ~-J 


xzmzwminffl&mo 27 & it n /?• m x a a ip m ijl p-j * 0 

lit, &nmMTW “vEW” MM^®£lP#&lttiil§, MM#l (M&ltt) i±IM, g 

±i£tnt& 9 . 1.1 ^^WxLxmmmmw%, c bp np- 


9.1.1 mmM & 


m\mmt “ At rmtt qjj ” A “£ 2 AiEH/r’, MM 7 “im#" %' “^iiF.#” fpjlfife, 2 

i^itiiE0JRii]^^tti37raM^(-M#2B^A;Jl#a 9.1.2 ^^^#®SiJA2^WA2 


9 .l.i.i 

aa “iiEBj” M®r§^#MiE gam 


^#^Et^iiEg0jiei]MRyKi^di^C(<i. £p*±, m 


“ ict -lfe, 
n 


X” 


ft# “7iiE§0jr ^mm (TOSHjy^^uc^MMitsio «±, cap 

i£$») W27, 4fc#i6#£M*rW*fc*&«, M# # ii# £ftj M W'J m A B if. M W'J. M'2i$ 
^iiEBflfpj-^AUM: (#&) (It, 

its, “ij:0j]” ftw^isaT, m 


® @«)££ 2.5 W * SI *1 ffi Bfl MZW AM ffi] ^ vjE . 
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$9#- w4'illIU !£fk 


X'JTTtllASiR I'dJ ( ft 7Sj ffi. #i§ tH M 64#1 r$M SI W l°J IS). & # ft : te if. A X'! X- if M £Kj if 

S#*, 73:&tt^:tX <“#J& 

W”) $If±. “MttifBJT SAAAAAafPi#, 7: fil i£ - M ffl lxiff&W %L 7 

A14; AII 4114 AM (XAffr) tfft#AI'tTJ*B & 4 5 fft £tifeo 
1'03^^-^ES'J^. i3U#Mi$£'l4, M/s# (“1X1X”) 
ii^aaaawMffiB^iDTgc wtham. ^mm±.um^w c^a^ifn^^ 
xmmmm mftrttemiTMiftmimw&ttj-wmm&o 

2sat, w¥'\'m&-ixhimitate (spgJi) os. mix, m^^umnuy, 
imm^itzis (4ffi^a±)o #bi ta#fifi<)M. ^ATAMifBjiifp “xe.&” uh 
HJ]|aJKiM»J: M*ii£iwAaM's;A, PUM14XM; MMHfi*l^iff04ltt^i6. Pl'Jiffijl 

KMM&Bif&n cm«^m> wt&mj, xam 

m a i£®JM. ^^MTifAMitrsitt 

lEtmZtb, MAa«Affi&h)o 

iiE£KjiiEBJ o ix«iff fMJTffl T+t #iffBJJ &} IE lift , A fl M^ ft iff A111® AIft-A b Pftin'#ft, 

sX-AERffiM/£t4AAa7l#.t). MATiff R EAitffiiJuE R J3. 

9.1.1.2 iEBJ^faitil# 

-jsaAinajuWffiWiR^'f^xs^wifeyEJiie, gi^iAWA^sw#^, & 

*ffi0^#^P^ffi#o M#iiftMfIEp, ® f i 17 ft A 7 iff 04 A m 7i ft A A, iffu4#K'J'ltU 
«ffi#Mo £#& (##££5$;> M4'. iffE#JtJI&iiEi!l3M-^j8&&#. @jfc, 
ii^ (iti4i&affiBjyM#ffiB4) m, BPffl&wifes##* c^s 

iO mw, 

M^iff#fgfftff 

R J3#. Dt7MfiMffi0jy7o Slit, mi&vEwmmtf, ^EmM-AW-, xa’M# 
AlifttM#, /AM xt i£HA#il 7J Iff Iff iff W AM Iff . iftfft, iff r 4 # fffj Bftftftiftiff#fifefp. 
M'^ffi#^ii®eas#Mffi0j#^:-Ko cjE9.i.i.3wwa—Wife.) 

MftW&iff}§M “ftlsife” *&±, &#ftft±lttTOM4l7SWife 

IftiEg^it^W. -Mil, 

W4'Jm (7iE04# UP -5^E#fEj^'J m, 


mm ST (j4#m- 

7i£^) <KS 9.1.5.l 74'i4ife)o a: M S'Ja^f 1 4< MW 14 mitti NP-ijE R E 

%&LtfifeX t ¥, 3t-'t 1 X A7iIEi4fSaafEJ, [fnx^ AA \T A5'JA7Mffi R 4K'Ja7B' 

ffl. Hith, mmmttm+m&to ^iw, wlwmwml 

ffiW^ftAo ttfcTii^InJgitB, (JE9.1.5.1 U). 
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il’gtC&f* 


TSa-att (sEiE«) -s-iltijg# 


9.1.1.3 

(EP^iiEfS/^) off'tt v.±yc,inwn;t; ^7 C«b. a 

“5«r M'St^rrHo &tz. 

(JS^* > Mt^WiEflllW'if^fe'&) ft®: W'HiJSt# 

u &mtfy”vEW%tfc, (M^“iiH 

^’’•©iMtrrs )o x, coders 

Incompleteness Theorem) fU 11-1 fit)/ESU [HJ® NP zfe(fy'ft[$i., 

sj?'— > HE raw®it 

9.1.2 feSL 

±w±., “mw, 

iWifij®ii& (itn*ra m nzimmitftzm n rfiij ). uw^mzi&z, (eu^is 

!/j—//rfii, Mltfr§ffH£. MteffinW#*lRf»J *+£»&, &uE#t!i 
■mmmo 1/2 mmmmmt (.zmm±z ixzk uh m %m muo m m mm* 

bp®^^ osm) (Hp^m 

m.»T—(tip±^rrs)> 

ifcUcaHtmwa*. &.t: (mm) ^ & ^ t ^id ^ t tm ft it m w ffr 

/i WM^r2.PHW—^S. *^^A(Tflf^x) 

/I JHft (Sdi M&FKj (/-&> £Midm (SfH^&ttAjc 

fn&Sf/ltfc r,#l r B ) j*j a,,/?,,•■•,a ,,/?,, JC4 1 a, = A(x,r A , p„ p 2 ,-■ ■, p^ ) P t = fl(ar,r B ,a,,a 2 ,•••,«,.)„ 

fflJ&Hk, i4 fltoM&BJjSfejSCA A{x,r A ,p„p 2 ,-,p,)o 

#SiJlfe, il«f*ff i^SA r, »*Rl6Rs$j®|jc| 

mm, m^mmMfcfi*poiy(|*|). ®m±, jnm^-^rsiswmmm-fe*iea:±Pi (|*| 
fKjMiO, MI&&frlM£jtB. Silk, 1SJg±i£®ra&, in£*ftt* / m r A ,p t ,p 2 ,-,p,, 
A(x,r A ,p,p 2 ,---,p i )MiMms&\x\fo%m&\timfo^\&, w\m a am 

tm\p\^%\ x \M$m&. 

%LX 9.1 -IP)® 


® ^-ws^^sfijiiiSjWLSs. •emtoJm-ismiXi <in»iET[9i.4.2.i.i u-]>. ttffl^5}-56rw 

Hit, #ia*«t*JW 0 rW« 3 A. 

m -W\m?i’&#('p. k?iex r&ft*HAx h-p^s^c. 


290 


# 9 £ tat 4<iii:nj]^f(t 


iit4 t $)— At'l 11 S&iJE##1 tf WI'rJ M m&. icifA A M (it ffMJlZ PS 

) P’ ?i>5LWTW7"&flA 

• 5c&t£o MM^ceS, &ffi# F^T^^Ax &Jt££x. 


I J 


Stto -M# V x HP'&Z.Zfc, (7 


A' 1/2 fK 




iaist^&MisMMI^, TO^'h fgiM» (£7tj'ffig7& 

tsm$, ja>j^ 9 . 1)0 #»j±fe, 

ft« (BPftS-^iSWIr) MU««7>3i 2 ~*, w*fffifc*= poly(M), MA&aPftPT 

i7mm» 9 . 1.4 

Zimmm NP-Mr^A777 AAWT771A7A I£H£f, in*3&iiE#ftfll)£W, RUM 

#itf!U»fcf&iE#££i:+MfT3r. Hilt, (MM) mmm 

imm d. Mitna*^, «±> £-att&#*M^iji 

(TO<x#5t5Hsitn.ttii&ii) capitaNP-ii^wig*). 

9.2 §hs s&ti%mm%m(p,y)< mimxesRiim 

&■&/>*, HP'$LTLZ.m, 17»lMx, mSeNP, 

vEW: 7^-M, pJWfi^: rjliSMto (KillSSttfrtl (£n4At7j£ 0 
$), Ami»J- (5*#M) 5£Mfe*n^#M£-3H4 (IP3E^«) (ftriUfc). /AM, TrSttfg 
iH:*j#Mtit «' *m%i % m JSil. 

m& Ft)-p Kiigu, i£0a#p7WM f £ ta m & m j. (HA/fT'/fi m w it i v At m a 

Hitt, tt(x««^*»A*, mm mz) mz u-^v 

^s) xmikttimm&rzn at ®/AM*es^.aft^#£ (M#) 

met-m, \tvmzm %%x, v^xp^k£-mym 

Bt|S]|*3&2. TTi, 0fWM “fflil^iJ” Ml&TxeSMNP-iiEig, MSe^P, ■ 


S# 


^ Li 

np 


9.2 fitwwiT-tSi- 
M, H A At M A fe 7 / £ LI M ta mfflfc* AS A M PJ HZT iiE m # M M 7i 
^S)o ffiS. BPMifimTi^PSMiM^ (Mffiaa#) teTO/A W^pTMM#^ 
(inBfttlWifciiE#) H^iIil5£Sp7W^fiJWfflXsm (MA A-fMiETJ'MlJliA# 

Mff.E, ^X^iE0J#Xfeai^AMMS^MWiiin)o ^M#M3iM, 

«0Jl#£Mji:MM, H7jj0«£$AMi|-jmA/ 

*fi/garm'll m, ^mwimaama). 


® JRMftlfJ #4<*-i>#l £i£J??iJ flU gsfeJS, MAftirt*tiiI-:nfl # (ft if #fig H PRft]. 

© a^iwiaw. u®>p«ttJs^*«»Afliffiifl#w«ja»T*y!)). ttw. *^ce#s* 

w -ifi .ti "i m £ m TP x -t % iiE # rt a sa« 1 « w i n &. m x sg« iuj w «jj s it m € ■^ a fa ar w ia n . 
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il-ftU&tt 


9.1.3 

$5 \n b a 7 0 3 ij U #L14 : & £ Z it il 0 J ^ 4 1 &<f ^ Hf£ . ^nftaWf^F/lfF, K'J £ 5 

iiEWW NP-MM:*:., ft$±, *'h 

NP-M^gEltt coNP 

ft, 'M r £^i6 IT=TSTACT, fcfc NP-M 3&B&ES;*:. 

9.1.3.1 

100 'f^-f-, , ih#^-i9p#^r—>tf/l, dB& ife >g £ 

|j»«p>H $-^ 0 fc$tf*MMfiM*JfciR»]*T#*F>BW£s&, -f£, A# 

-jcRt#-&■■*¥ ^,'14 , #f v^'fe'fn ^[5iA ^7 ?)C.i4 jE-^ &•) dc#iA — /fc-MI. jE--«ft tf] g 

±iJMtt*7N*i&iffi*fc7feit 9.3 MfS 

IMF, 

m^atT, ffij^Et^iia 9.3 c F , > '&M-. -mm&, vEm^mmmu 






&®tic^thrf{ftmmi ( #n mn^ g *m &* m£m 
W±), ffitt^gft^-ftfSHf^Fft). ft-«, iiElft^ 

NP ftW^MRSgnJiiOTft NP-uEffi-ftijP.HJF, fH£ffiRVftS$J1 MiiEH>JR#/£&# NP-ffi®. 
#&±, iIStA^ coNP + OW* 

w^sg, =(f,,£,)^g 2 ={v 1 ,E 1 )M%&m\m, im%ft&&m£Mv ] mm&Mv 2 &} m 

B&t't (p , E&f# {m,v} e £, :SillX.^3 {<c*(m),^(v)} e £ 2 „ H^lFt $nft#'&, Pl'J^ 

Jt- Mt m Z f0l W m f£] Hft M o \>X T > iX ^ Hi ■- # iiE $ W ■^ IS * im fa ft fa- yi, ffl % W ft & iiE W 

(Mil—^NP-ra^) ^e^p, 

Wit 9.3 (#|f0fa®ft£ll5£M) 

• WlfaSG, =(£,,£,)#PG 2 ={V 2 ,E 2 ) o 


^uE#fKjm-^ (v ,) 0 #^»aW- 






def z, 

KH^ft^J F ff , iift^J £ = |{^t(m),^(v)} : |m,v} g E n j , (£ CT ,£) ijER^^o 

• sW/uMFo 

M^awa^giJ*. I&M, @J-^aWI®#Ll5l^®J*i3 

%— ^aetiRitfLiHi^gij^^^j^^r+aiwio 

• ffiBH#^Si» i4 : .iBtfiJ^iiE##ftfl<jSG' = (r,£')^ls, iia#^r6{l,2} ffi#|HG'^ 
®G r |W|^($l]^r = l,2^^M#, KlJttSMrBPPT; Sr = l,2 WiyEIW, 4r=0). 
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• (v 2 )» ( 4^1 v, K'Mffi 

#^I* 1 (IP&S&&8&A). 5WJ, Silti* 0 (BPJB&&&WA). 

Wit 9.3 

MAM- ±3£Mla$BWJ, Wit 9.3 

w%#Lo coMP-m c^jvpKhf*). 

9.1.3.2 55S^ffi0J65$S5Dli 

Wit 9.3 JV7 KJ coNP-Dlo Ad^MSsC 

iEW*tEJ£WiIi8ttfacoNP-£Mi«ENJSi (£nM-ASA^ 3-#feW). Witt, fg® MP 
*coMPJ&3L, PJM^iiHBJ^ttNP-iiEB^^»^MA» 34—^ife, 




PJ 3^C—J M J 'll. /A' AA JA* -L l M J K'J 7~'J AL. UJ AN; PI >si AIL 

^31 9.4 (IP ^S) AP= TSTJACE* 


P, PI o 


#3§iAA A/!P£ PSPJ2iCrM—Witt, ffi&IHS&T, ^SiW^tt NP- 
MMSIAo 

9.1.3.3 ^S9.4xEBJM^ 

ifftM coMPcIT, coJVP-^^M^praiJE CNF $&&&&, Wit— 

s it ffi m % m , m % m & iff. m % m r m m m ts t j4 ce- % ± w * m s, m it m h ’ £ ^ m w iff 

HJ3o JAc TSTACT, «Ji, \£W%^ coJW-%±MM;^K&im%m&\£W 

J&ffl 9.4 MW'fr (JEAJM9.2)o 

(M^HjSSA) +0 ifeitstt. A 7 iff 0J3 - A A A N j& M A 5: K A ffi 
W5fc3IAa*Fm5SWg*itr. ff^t#5!l6<J»:7K:iffsW3t-^3ti:^iEBJ^^„ M 
m±, n*vEW%^mvEmm'if£'&3LK, 

iiE m ft m A !Tr fp£ U A f»j #■ (BPM4>MA—tMA 34 A A A A 34 f ?: M- A ±34 fit A ffiff ,1 A 

($l^±, pJlAiA, AUST-Mifgft- 

fnjjgM# Jg# 1 |pj & ). 

&#&*¥: AAffl A^AItli iiEW coMPczIT, £i£9Jtf* 

AA3$&*S, T? AE##Ait[162, 202] )o 

iJJ3L6 

ilil^nTffi&ft CNF fc&Mfo&'£lLjX.v£ty%m%\iEty coNPczIT, ilt#t CNF ISA 
mco Witt, ftffiwtiiS/SJi-A^w^Rrss&tt^cNFm^. 

(CNF) msSftir^fl: 

ft#. #SiJAk, WUfcMft “3fc” *n “jg” AS'JfflM 1 in o iXW, OR-A'&JfflMift 

. ffiMI-I^MISItf. a 9.1 MT&M&o ft;t: 


® ’1G, Si Gj-FNtdW, 4<#ft‘5W4-@lffI*41984ra (BP BE M ft T G, UiMIftl J‘ G 2 ). jfcltt, «}>* C v, > KiX Wffl G' »ffi-ffl 

%t<t. % tsm. pu*g, s g 2 Mft. (v,) siswffiftBi c, g, sc*wwftfti»w»a«r-c 2 sg’wwn 

ftW5W»S. iAifS. «iifttt»iT. iAC , 't’fS}3'iJ^T-cr (iil&iiK#ffi#> Wfti»I®.t, 0ieiUiEW#ffil6iiE#«l®W«^ 


1 / 2 , 
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ii&U&tt? 


(sJ^J«J£), o-i (ft 

«[) m (^#sijo). Hilt, 
feUifPWRAWift o-i 0o mtm, 

(jc 3 V —iX 5 VJ| 7 )a (x 5 V X 9 ) A (— 1 X 3 V —|X 4 ) 

(x 3 + (l — -*-5 ) "*" -'•I7 ) ' (*5 "*" X 9 ) " (0 — X 3 ) 0 — *4 )) 
^£5tWW7i/£3J.tt^#^i£^RAWx 1 ,* 2 ,-",*,7 e{0,l} 
fO. Biih, ijERJ3I^^^^^^W^nTyi^'l±nT!Q^^iIEB^t@^M#^lP* 0„ 

# i£ S; iE W W ^ £n i& ° 

(2) WW.&W/F^-jA, (^ffflii,i 2 ,-,x,6{0,l}) iKllR'CfiliTBfB] 

[o,v m ]^irt, v . M/n ^WKhfto Bitb, *fRAW2"#nm 

0-1 M^clP, PTl#SlJ- y h[o,2' , v'”]^WMi(, ^d^vmMlEl 





Mft 

IS, * 

0 , 1 

imn 

—I-V.v^. A 

i-x, +fn 

m&nm 

IB, £ 

0 , IE ft 


15 9.1 CNF 

-ustimT, Ritimod ^w^apw, 

q> Mo S q WJRfS(M‘> WPSM4 5 (mod^r), /AM3S® 

“ftfr” (tim^mn-^iM.)o Bitb, iiEii- y hCNF?£5:t^‘nTviAiWl'R]|gM'!l3^* 


(9.1) 


X "' X 0{x\,x 2 ,---,x„) = O (mod/?) 

jcj = 0,1 jc „= 0,1 

(q Wfflo(M)AWt#^)<> RAW 

*iifT.#i3£WMGF(?) A>fflWo 

i&m&m (^) awaft. (*^ 1 w*p, 

fft, MAMMI.) (fi^W P ) ^WSfWA 

WWH (fi^W V) ftitiflfij® (BP^fiEJi^Wp(0) + p(l) = v). ~f—p, 

GMB&flLimi (BPi4l^3 MreGF(q)), M—'hSrMU (RPMWi+H 

v<-p(r), v)o (BPr) 


® ffiinafiJffl7Siife2, ifens*W-'Mr ««, CHP log 2 q=0 <vm)) w^. 
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ITS y $ WuWlZM 


£K)0TOi4AT—vtit). > l&ilE##— 

(BP^^PMiiiD, 

—) : % ,W£i£fttJ@#;I:ra£nTllFrW 

Z •” Z ^('i» / 2 »"*»^-i. JC /.^ + i^, + 2 >"-» JC «) = v /-i (mod 9 ) (9.2) 

x,=0,l x n =0,1 

£*v 0 =0, r p r 2r ^r,_ l *Pv,_>Mtj&ft4 1 fil®. Jg 1 (W^'M): iiEB0 

£}PWfmuE##W° Wi®uEW%fa!}kvE%t%1&T&&A£i}ttp,, 

dcf 

/>,(*) = z, "‘H H r \> r 2 ’--,r l - l , z ,x M ,x l+2 ,---,x„)modq (9.3) 

Xj + | =0,1 X„=0,1 

&;t: it mod ? tftiJlT, p, (0) + p, .(l) (9.2) ftJ^iSia 

ft pi ( BP M $. £ Itt ffi m # if 5 . Pi =/>,-). 

pi (0) + p. (1) = v,_| (mod?), /• e GF(?) 5t^i3l^pHiEB0:#o #P;Hiil 

SMil, Jl!llftiiE##igift. T-^^4 , ^iE t «tJ»Tg* 

Z "■ Z <K^» r 2.”^ r /-i. r ,»*»+i. J W2.” , . J 0 -v , (mod q) (9.4) 

*,+1=0.1 t„=0.1 

def 

V; = /?/(>;) mod? 

tfrT&W^&te: StO^&WW (EP5t (9.1)) (E0 s£ 

( 9 . 3 ) si®), j^iis«[iStijE#6efigs»fir. 

M®fe^Hr§ (gpst (9.2)) ftigW&jtWW (BP 
^ ( 9 . 4 )) jesi mmm ± life® 7 . it & % / ft, 4 v,_, *p Pl % m m& ^ ( 9 . 2 ) *u & ( 9 . 3 ), 

BPv,_, %m (itiM) H, (£P5£ (9.3)) fem Ij 

4 p;{) p/(o)+^/(i)»a, (mod?) 

Kp^XWim^ (®»IJ, M#-®^JB^)o fjfflfi® (BP^^Wg^ (9.2) A®), nj£n 
Pi ( 0 ) + Pi (l) ^ v^_| (mod?). M,rftj, p,' |P p t ,)§7HIW(ft 'iX ^-PSit> Ti fD {&4‘HI#]tjA#iJt 

#d> (*n*w). mtE, (Hp«i®#iiS#Wr,) 

(BP PilrJjep/fa) (mod q)), )®J*#:i£ttM&±*rW (BPit (9.4)) iU^iS (0 
y()|frltl{iL (EPv ; ) mod?), p,(;;). 

SJ (JE53M9.3)o 

P<JiiE^^^(^Jffl+0AtJ#A-J*L3a9.4)3tEfiEI0^^*^®»*WWiSj£tt«€. 


.a. 

15 U! 


(9.5) 


BPiiEBJ (“nfS”) 

{(<*U) : |{r:<!>(r) = l}| = £} 

®witiw#t (BPftffit rstc , 

^^•{(x,A):|{y:(jc,>;)ey?}| = A:J®7/P). il«0 TSTACTcIT mW£.£tfiT.ft, WT^S'J 

*hs. 
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i ii r/U4vn: 


PSPACE ) 

(Quantified Boolean Formulae, QBF) , 

QBF it TSTJACT &7C±tfJ <■ 5.15). ($P 

A^&iU£ffl±i£MBA ^iSSiJM^S^o (rtSB) ft (nTra£'&-£Am®c 

tJ-hPURS—(^R$ mA-|£/$M) Wfe%&M$bM1sL* K'A< ^i4Pf^—-^ h^n (s£ 
|R) ft, Aii A R h£ A -^' A A (Efi-tK*^IR«T^lHilitf'J^)i4 , )o ®M$p, 4 

toT^iiAt', ffittTOail. 

z n n (* + a) 

*=0,1 >>|=0,l v„=0,l 

h^^^^ 0| jc 2 "' , .(i + x) 2 '”' o («>M9.7 -tM) *¥&, 

BP]&P^[0,A/] 4* M I JX']'RElR [3, poly (log A/)]4 1 A n|i A M . TAMrjXR^i 

IsMMHo Hilt. itlftiiE#l®#lft#*#[ <7. fc£AJS&&A-&KW£&ttaft. MiiEE 

&A* j$&ig.-A[®xy£iR, ?sTACE'&!*±am&i% 

qbfw—# (MM) #wa> 

5.15 ^iiajy^Aiis 9 . 6)0 JAM, ( mm > atr 

*SMMS£iMA&MfK (BP*£AH*&&A-fcfiA«j2te, A$m 


2 f&, x4A«Mit£i&imm£*fi£M) 


mim tin m n m £ 5 a it m % ^ # a - a 


IP 'SlI'T PSPACE 4* 

IT^TSTJACT, HA (X4fi;t SeAP) I*r££JEA$M 

9.5 i& v M (IStfE#) SKfflft, M#£-*4MA£m+3(ltt (ffi 

Bjy#) ««&/, fUKtfiir, K&gxttfc**:*:. BP*M££ p* *n *, 
fM$±I^ F^/$ISiSrWft$. 

SIB MS: X* fE M A A $ni A x A f y A - W M (T: M A gg M A A 5 M A y , Sgfl£®/il£t2? 

Aiiit, M4-/(*,r) = «. R^)5^t]ilH(!4#tjA*/ii^a4 (iE^yi f fflil6y3e<jJ^H). ^ 
iE#&3«rAx. Mf&iiE#Wlffiafl s Mr$i#Jf«/(x,y) = m, £ 

4 1 y = (a,,/?,,•••,a,,/?,)„ \ 


\ 


® %ftt, ei rmriMmm c &pspace «fwx»^«-(ki) «*h 

iiist^sia 9.5 <vm[w%*m'ur®. *m &qbf 

«sa*a^arwittiijw <w*ft8t*£&»:£K/i05ffi»). ss-'M« cm^sm Ji^fi&snriig 
WAftW (ffiit'Fftffl) #o*», ^ iffi ik ffi -tf-Cf£@m®^ri^Wfii«^iiS (KJUTr-fr# 0 #*±. X 

(!d«F« r-'h). K4nM^»Ui# 

® X/f£FWi6. AJSSBaUS/Kf. (iWfXtXJS: vi .SirJgthMiffSJT- ?U>. 




296 


<i\ *> v u*t4Uil- 'M&tk 


(1) r H(x,y)— SIC, &S<!fc<f*HiS;/e{l,2,”-,/} , ^ ft =V(x,r,a l ,a 2 ,--,a i ) „ 

(2) SfcsMIf&SJfcflt (r$£XS.<> is). 




K(x, r, a ]t a 2 ,---,a,,m,a l+2 , a , +3 , —,a T ) = 1 

& ^ *f ft S' /e{/ + l,r + 2,--,r-l} , W a M =f{x,r,m,P M ,P,^ 2 ,—,a i ,P i ) , JL 

Pi = V(x,r,a l ,a 2 ,---,a l ,m,a M ,a l+2 ,---,a i ) o 

Slit, « , J/(*.r) = '»* 


rJL 4/y {x> r iY> m ) K i4: Aa / (f'J 15 ‘Pfc. X 5 ‘t 3 H!x! * r JUoP 


)« )AlTff, a v^l'oJBt - f{ x ,y) &\I “ffi 0 J ^ I® it 'fri I bJ F*9 vt* 

9.1.4 $MI»| 

9.1.4.1 Arthur-Merlin ( ^TF^ESErJilEB^^t) 

£ taw mb 

Wilt, ffiS, 

3E+ (X^ Arther-Merlin iEBJI^gt), Mf 

wiit, 'iii4®^7i? : r-WiiiJitti m 

#WMB rTW- tg^^^54B6M *H0(0*MIt 07% til$ 
$ P7±M & t\\M j£ W)= 

&S: £31 9.4 M^HitlftiEBjji^BP 

a 9 . 3 ) Hij7&ith?ijo Silt, {S7M 9 . 4 , 




i&iMi&iaijg-!? u mm” (* 9 . 1 . 4.3 7tt 


£JF»«H5WR$H&#LfiXSitiEaj 7SE. &&#fl!B@E ft®il' 


.sfc, a 


/A ffli 45 IE BJ§ * SE w £ £ &, 


ha ^ A 

m#m£1t^b 4 £a 9.i207EBj^fijffl& 

—I4M. 

9 . 1 . 4.2 JIWHi&«*tt3*5aiDS8)RSE 

£X 9.1 Mitral^#*AmgillW, * 04 , ftffiijliBgEB 


45 (®±r* 1 / 3)0 ttS: Bwaftarw ouuafta) ^sra^M-tT 1 tstjact 

4x 0iltiCi4Mfti^?t^#^XS^iEa^M1)P®^;o JaL 9.1.4.3 UrBJgWia-^i'fifc. 


297 







A 




WJ&m, B.&uEW*ttT 


9.1.4.3 5ES^iE^^^EK)^M 

feX 9.1 R#®^ijE#W^S-Pit^H'tl'B]. (£J$jO M 

(MA&fO ®. 

£^9.6 

• S! ffc @3 lit m, M&1 

XtfiAx, ® 

def 

• A/, 4 > IP(A/) = (J meM IP(m), m IP=IP(poly)o 

mu, tj.umi iE#RS 1 1!-A ffi R, ift'MMRIMm-EE^i. PW&^&Si'aEBj^ 

ttgf/TO. M&, NPcIT(\), M.vJ&&?*&&}'&■$ 03j terni)^, &iE#»Ut 
UiE #£f II W ^^MmRnmRAAAKiM (Ma® W&, JT(0)=co 11T ). 

9.6 K^EEPfti “M” rt&TJ&mttM&lMM* 

|n] “i^^\ 

• *H4M (JSLH^F.2 (aE#%iitt[23]&#%5:jtt[lll])). &ftSfea*fc/$SJ£*t£rW 

«W/(«)^2, MUjy(o(/(-))) ip(/(•))#§. W%m, jp(o(i)) ilflsfc IP(2). 

• $P«$0 (HIM9.3). M, &£il 

IT(2)=WP (J&##ii$[167])„ 

• $nm coMPcn\2), (ia##ia^[45]) 0 

iiS, AM*H coJ\PP Efitf IT(2yV, 

X 

in i m . iiiia^Mj4, “*iE” witmMA & 

ip m*k csp it(-)} mvtT-wmimmm, m am(-). <bp 

Arthur-Merlin) £5 A Mo *t jSMM/, W AM(f) = IT(f ). S/^2B*. &W 

jzlm(/)=j2lm(o(/))o ^i^±, ±mt 

(1) m IT() (JM^F.2.1 E&##£jtK[]ll]): IT(f)^JAM(f + 3). 

(2) J4JW(.)^14M (M^F.22l£#%;£i&[23p: AM{2f) cJ43f(/ + l). 
##Jitfe, JT(0(1)) = PLM(2), BPffi^r J2LM(2)ffcttiRf&|. itM#M5iJM#'$ 

^aaaa (aa: /a( i)= jam( i) fii /p(o)= jam( o) ^wf + f-jt m 
»). as. rt& j4a*(2)M2|3j jaew, ®s#p^ jyf^*ir(poiy)WOT^^-ao 

IP(0(/)) = IP(/)RTffl ££i!07£&tf&®r|5Sf«Tffl 

&m ip-#®WT^M3xa«^#M&t, tewmmmM (jslaj 

^ 9.8)o 

9 .1.4.4 aau2^ 

CfcRR£^M#£S, &> 


mxPI WiEHjliE?MA 


© A *1 £& M iff Hit »M * -tigii ft 1j I'j. 

® i+:.6; S5'ttJ[|j4 ; fH 'Mbt'ikl'ilfi fflttftiiHftWNMAittJfi/jiJ (!in$M)®^lKi^5j). 
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sfi 9 fl?l 4' ill lUj £ tft 


IS iA Wl ^)> illSWftl WKffrJiil ; .#AJ#t n" S .f k if'} IE00 # fit <■ &-*=>1£jtkilE 
I VU&m&l&ftBL. (J& 9.1.5.2 1?) 4 1 . 


9.1.5 

®J®££AM&l;£J5C CHP^jSC 9.1 > & 

-tipJiWgiS. 




(l) CtefftiiE#&gjEfli*rtr> M#&fi±PK 


(2) £Stt&#!fllimjE, 
i^Ws 

am: tE^S^iiE W%m{P,V)^, P WSjfeJS±PB^^®'ft(P,K) Ji 

ffi/SZ (lOtlfrs) ^WiiEBjm^-irSo 

m #a#: 

vX 7 JL J> &8l? (iii£^r#340)ai. ) 0 


9.i.5.i tenths* 


n 


sm^IT, V, 


-Sl^&g-JfcgSS<Ji3A, JiTOI 


(mmR'mmft) swtA. Ami^i, %m ewuss^mhwib 

*^IS6tti&iiE# K-^iSSs+«liA. am.- ^^9.5 (M.f;3& 

ffi# KfflHi) nT^E^«Sl’H]rt^Ja. 1M1T^gltJ]MX-J T TSTJAC'E=IT * A<J W S£PW 

K ^*ttiaE93#*i&W^i:3»#SiJXd-^fl«iiN!l^g^). #UJff, 

fW]toRT##££&«MM0±K. 

So S -Kin 

msts ^ffitijA) Bfmm\-m^±w.o 

£i*s®®w. (jm 9. 1 . 5 . 21 ?), 




a) *i*->meiji3#^^»i&»a at, m 

*o Mm&, s 5 e wp 07, $tiM&ARrfl&£&&& 

iiAii-p 5 w NP-iiEigo m, HPte£s*Mft»T, 

#, in2Wi&i+M#Aj#£ni£iKi (J*L^it9.io>. 

^rft-H>^Mo HMtt, 2 + XX2M (^lliKlfe) iJEkkl 

M]jEfif&ftt/7£m+£. Itbul, MM 

m-umrmmmmAo 

xtffia&w. am= $is 9.3 4 , wffiw#^wjifc#ajR (a^mf33S9.io). 
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WXfMfrM. 


0® NP-ft (sKffiJ^W NP-iEWiKSP ftililS 

Mil. 

0i&, HH^ft?#i£ffl7 

KlfljiiEM#tlttlWW. MM# (£^-7'1f8M#£:§A$£f$fi:tiiu) #^l=ie#$iM 

9.1.5.2 tW±fl5©Stt. 

#®|—tftffi#MjlHlife*-£lEfli, 
#*MMiftli^±[WiPffiS#3o M 9. 1 . 5.1 TO&, 

0ft?#, SWJB.W—#Jl»:3SttiaEi!li5K«SRr!Uffl <#—ScM) £3ljS««48&&J». &ff 

# 9.1.5.i (bp^t 

^a#t»<5£T. 

igwwso mwmffim*]: 

VLR.&MJl&*:t/3 xe{0,\}'\S , 
l/2 0 

Mitfc, (£4 , £#$fr*n#fi 1 A«Jfi*> *0, 

£5£&'ft*ni^Stt&#4 3 , M#«i&aw*&0#Mm«*tt. a«EHr. tiiJi±i£ 

ft?#. (Arguments)o f^M^a til > 


9.2 #£PiRiEHE3l*£ 


All7AAf*?tltt»AE0^fB7 (IBtfhW) AlliM, MTOtt^MKfr§WiF.flStt. ifeit 
:tt, MiAA (JfM) M#«jTM^AJ&3ft?gMlft£3o a£ft*J!ffi±, MSA 


n 


SeJWP NP-M7 1 . om^MtAit# (BPMiS«5AiaA5lM-) £fi 

AS (BP NP-ilEBJ] AH)° #J$n, 0£KJ 3-^feAr^^M7 3-#fefn|®^ NP-ffiBJ, {BJt2i*£iiS 
7—7 3-#fe®pt) wffirji. csp;#^^), 

# ftl iR ffi 0#A-- ^ g M M M jg Ji ffi m —7 »r § £ 5 & ft 31 £ Bi * # ft * f* W *11 iR. & £ a 

np-m*s.&, 

(MA0) A' *P iiUjf-: W ft* At# 7 3\ ft M *n iR . Bp A *P iRijE E nT 1A ^ A<$f# fii&&7 »r s M 
JEfflftZfl', ff-7¥'J{ifnIBliHo mn, A PH 0 3 - # fe ft W A *U iR 17 VJ4 1 7 A ft ill A 7' i£ ® & 
WitJfMMfim ($q 3-*fefir3is&<j|»$H&j&). Silt, (WWiEflltt) 

J ifti3SI$*r a iEflUfet# WiiMit ,t# fa] ^ 7 M ltt*j fcfc . 
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$»c* »i%ta 

Sjfc, ($n0;fcE#7M— M, 

(i»raIESitt;£*h, m4-J£#fJ8M9&S4». ^ftHRiIW*af^+WJSffl+^r^. ft 
M. '■b’f]*a#-tl^*i6f$ (RTi6AS*fl«I) (ffl 

WI^IIKMA). W^@Wii#oiy#^MC.4.3.2|nMc.7.3.2 tftJfcfifc (# 

i^p^xm[9\, 92]4 j waisf). ^nanj&Hi, 

us 9 . 2 )» 





9.2.1 


ftJiRiEia4ijEW»TWWjHfflH4i.^ll«ft15M&Ji.. BPi&ffi##M + RIEfiHaHrW 
WlEflltt. J^nrW^'ft±ifeM^#^v4iEBJ + iS^^e4ttM^SIPnri (jEfll) $t§A 
£«ffl7MfJli';, WTvNffltfifco 

9.2.1.1 ir^M: t6*(S5$ 

£££*ftlimjEiJI3M5£j8C t K fttfeBE###—^N&^toSfe^, ^iiWA (Jit®) M#I|3 
S&^fl'fcJW. itfllfll. 7#& (RTfirW) Sfc¥*i&tB(!fc3UUEijJi 

mrmim^miEmmm)o nm&f. Mmmm “±tkmi” mmk 

Wi*£MfliJ£fi : *ffiH& “ffimMtf: fajft.t”o rTW^#^: tin X l\ 7it34 Jc PMfrjI tA ikU 
Wfi-tMtirM (Mmtfcmfetf. J) It A W I»J # M It ft 1 t Ifr U, mm fc^8*W#fiJft(5f(a 

-to &M “umi%” A A 5 JF % 7 j 7 f* $ £ it M 71 7 ;. 

\Wn, a#ftli>U£044’, Um'tt$)&t£® (fJO *7®rt*AWit3¥ (^(S«^»rlfJiIEfll 
W). Silt, #^PiRiiEBJ^#-|+^i:^iiE0J ( K- 1 1 J 7 7&''11 rM& MMl immti, \tMiM 


® mm&mxmm®. w. «ti«®»iMA-ti4««f-, gftss (*«) &»=.# <&3*jE»s*t#). 
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il-WftfcH: 


m , &&%.xm%JjM%imV}iX ! X±&tf)%^’ at—^MSJlsw^Wf^c. 

9.2.1.2 l$ftf 

IUfiJ#£RiRitt^o m^^tB. M-jRi&. #SniR 

guttle 




ft (ftl-^^WiEW#). Ifl^ftl-inl'fTM 


¥■ (£pM#) -*i±j$£j£#i6^ : F3l5il&j£ 


pi 


atkfftJiiEaiT 


-=^^- 
n 




m. mwsi (m,immm «H&m. itn. (&a 

&#> w# “i+#^A” *wm, jay 




AN 


IEfli*rW> 

-— TfobJoffipfl /r /p—■ 

5 ±.m£W%M$> P 




££9.7 (^£*fcm, ® 


A. 

PI 


toiRW, . #£»^«Btis]jfv£A, ^£*t 

tt#xeS, w 

(p,r)(x)-^(x) 

K+(P,r)(x)Ji—-MfcflLM, ^!§TiEll3#P^&&aftAxa£fT£:§j5, iatrfif) 


, ffa ^ (x) ^#i£ ^ Wi«A X 

mmm, cout m# 

SBaffwwBp^ro spp a# 

ftVmULmm . 3$, MWM£«¥P1M^, BP »PP#IW^il-&WiiE^JRgE. 

at—nTW^SiJ^^W#^PiR (ti2^it#^PvR), 
Wffi16H4#i5lc^ihftia'(BP«^s$(SJ5i||Rr^iS) 0 M OttffilKtt) SgdaffJft?#. Mil 
it^fflWt*itA®#£Ri.R (WHtttihKLtW^fcliR). K : 4 1 j¥^ Rfg^Ht (BP A A : 

(SPPfi^C.3 *ift£ 

X C.5) ffi£g£-, #SiJ£pT££<> 

££ 9.8 (#£PtR, WSffi#ltt££) 5 _tWiin^#misS /> 

def 

d{n)= max 

xe5n{o,i} fl 


Pr[D(x,(P,r )(x) = l)] - Pr[D(x,^* (x)) = f 


© #:$Rj;&A't'. omrnim x-mHtftw a' (MiNP^asfe) mzmABtft, zs-Mjm 

fti'f- a’ w^igii 1/2 itim-w. nRz&^itAttd 

,ft^*ii. 
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{Ktill IUJ &tk 


SlX 9.8 UPfO:^ C.4.2 —'t'fsH'klKAo MWifa, H->"6tl#^PiRtt. 

#®5ttJ£jSU&*Tii31fc& (AF‘fP7M#fcMs]fRpoIy(|;c|)Rt#M^AA Pttf: C.4.4 •ftt 

uttttm&EWffcja 

nJWffiBg. KW + (JXL^M 9.13A *f7 

&#«#*§ “atari* a* ws*n«tt m^x c.9>. anm® 

$, RW 2PP (JEM 9.14), Hilt, Bltfltt 

(»—^^##^^[91]+ 4.5.1 

UOo 

m&ff: 

£Pi.Rg£?ttMM “^5'tRS7M^nUl” Mi'Ait, ffi^SRiR^SPiRM^MiKT' W. 


n 


i®fRlW*'J'»* (£##£^[90]+2.3.1 Uf) 


9.2.2 


mpMmmhifc 


mxt-'^wmmmmnik (Mfgifi) wsjsm. 

(MfAM). 

#S0tik, 510^7 NP-MW^*PiRiiEBJ] 

%M (^^'}vE^^0^XM9\]^> 4.5.2 7'^#%3titt[228])o M, 

*if s^mwNPi, (^7) mniRvEW^m, lUitk^i^^^^piR 

fiEinwOT/Ltt. c$w, b* 

9.2.2.1 -'MSSffil? 

^(4<tt) +*#7fc£Jfc ( Aeaea ) &Jl^i&'f *4*4«, *.fB#*Mfl#. 

6*#—Att*&fMN*.tb4feiai, *£<duubn *]*□*#?&“To 

&.&&&&&, -n-£r>%°$-^Mi£tyo ^M-*1bj£., ■*»*.#* — £ii.ilt, ttAAii 

4fM7o “am,” mwfi&m&mt, “it -a, a 

iRiffB W £ 5 JB 2 B. ftr ffi J1 ®J 0r W B7JW ffl $ 

%TTm, BjlfcMtt NP-iffW (iIBJO#^#t|aJ^l^^) ##^fcHRW. is- 


CD rfMSWjt*^Tffi3SiF.#4S^:Wffll» ( EPWffi.SiE^iC/jSa^^W «. *T </(«)<l/p(n) )„ 3**, Jp* SflfO.l}’=^, 

dcf 

W'J rf(n) = 0 <, 

(2) I61SBPPH|rNE.«#^-Bjfl--«> 5 F 1 K,W («ia®iR) ^*UiKiEnj3^gE. ^>p^fiE#g#||^affi]@ 0 Sift. XQlETBPP 
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il ?7 U£ft: 


igafflwisittPiia^sH 1 'B'P'P 


.A. 

n 


np-mm. m, m 


umVi'W ti'j. 

m it 9.9 c m iri & a m w # %a iRffi m ) 




—*f®G, =(V l ,E l )%iG 2 =(V 2 ,E 2 ) o fcl^W'MSHfa, ^<t>% W#-tM 

*— m</>itm&%kv x 5v 2 mifai& — w$i, j.isj£{«,v}6£ , 1 a.a(5i^ 

{0(u),0(v)}e E 2 * 

• M#0<jfil—2? (Pi). ffi$#lffittia;#G 2 to—^ftBy*#£i££l&iiE#. tilDc 

def . 

E = |{^(m),^(v)}:{m,v} efjJ 

M#&(K 2 ,£)£i§i&M#. 

• mum. my p, 

as^iIhI^o m, *n*#»A®^tt. 

• ^ (V,). MiiE0J##*M®G' = (r,£:')^. t65E#iMciiEi»#dJ 

^G'-^iirAS^-WISl^Bife#. 6PtIfI«#<7€{l,2}, 3u£*£M# 

G ct 7-jG’ |WJ ft] 13 }&J), 

• M^ftjJg-^ (P 2 )o £u3^il#f^&mt<x=2, myffii8#ft*3U££fftiiE#; 

def 

^IiJ(BPo-^2tM), iiE0jy#frM#£i£;r°?> (IP * ig ^ftJ1^J&, tt°^(v) = *(*(v))). 

(*sfc±, iiEi!l3#2»f£3fto-^2W1»^»«*<y = l. Hjtfc. 5Mn#F*5fe—«tt 

Itil'fls'® <T € {1,2} ,&Jj)(,ALo ) 

• cv 2 ). ^g^g'homr^, my 

i, ®n, ^rtti o» 

fait 9.9 M^TMMASlWJftj-^ 

9.9 m&, mim$Mwmm.mmRkk* 

»si*g'. ^mH7cm(G',a,^)o (Bp^ffi&mimT), 

■Mvew% (Mm^Jktmmu, MMG 2 ftj-^N^®yAG'), mnmtu^^vE^ 

fj+siwj. ^Sifo. ±J$ttifcfliaf&iE#ftfT7®5£S&i&, 115-jR1#«T, 

miisi, miit, mm 

^mmmE-m^mE-nmm, m«±, gMi-t-iwiffifittWffis, 

Mft&W-lk) 7 %IeI¥ o 

®mm& 9.9 &&mrtEi%iMmm° 

A^lfk, mm%$i$J / >}j£ : & r € {1,2} (cr = r ), G r iStf 

UlSifcfeitfflG' (Silk, 8BJ|tHG r -^G'(i0tt—#l^ft)o ttt: R^fr “F ^J (BP^suA 
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ft 9 


WG,4fIG 2 ^|W)^jS) TW&fil*. Sj^t*iP*G,*IG 2 TO, 

}tttS5f#!l (BPr) W-fiBo ®0ltk, eiMISMTG', r, & 

M#TPr[a = r] = l/2 0 8Hft*3&Xt (MlWr^) WMM 1/2. IlEiflS 

WliffT, M3t$frrtiWiEflilW#*&. SWJ. iifiM'HlfSo 
£J*: Jt/MTEW^W 
IMlffiiH 3■£# (T-W&m 

mm* 

(1) >F5fe—JRtt. (sK^ffr*. 

ai±0^fiE#^wffi#i3R. <“—att”) m 

LtiifcbI jKM 3i A iii&•£3Itt o *M, 

(£JIjU£J£) «IJI&»AW3ftiE#. 

(2) Kff^jea&TO&ietttfctiE#: M# (R) ilHi^TMMIf 

(HP&#*&A, !U£8Nfe3!lftJiS&>. Rfc&filJMSttlftiiE## 

•JEXll+WjR^StJ£«T. 


(3) KUSttiS-^ “1«”, J1 

tISRW “MW” MM (tip A M M ffi fRf # & & IE £ !£+ft 31 tt,43 W M M 

ffift). 

Hi, MM&#^w-£3tt. at: m^v£wm&bsw«£$; 

—'Mfttii. it-M, 

J.^tb^^gtT+ieOTM. 

9.2.22 9MiRtiH§ffi£S!ttl9g 

9.9 ^If 2??^NP-i. 

NP-HW^fl(mfi. MM±, np-^££| 

SfiEUJ-'N&fcffl G ® 3-^fea, Rffiftn Hi G W~# 3-£fetf3gHP rT (I^J# MijEB/J NP 

Mi&#NP4IE0fl###MiE0H (I|#iN?c2J > ?). VM, 

mp g ppp, mmm 3-m&®m^ft&mn\PsHP-vEW%%to mm, ®w 

M ; HSBi£*'fgBW (JEM 9.11) Mo 

$i£ 9.10 O-^MfeWMiRM, MM) MW 

S#Jfefll±i$*r7F, 

• £&i3Ao —t-M#-® G = (K,£). 


® u^m^vmvc.nm sms — 

® 0 ®—^!R 4 MfcA^n 7 a« 6 ()«i. MfSJfSu 
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ii warn 


• ¥k.y % G Eft—# 3-#fe#?£. {1,2,3} ±fft 

def 

4-^(v) = n(y/(v ))„ ^ Sirit^xT 

w fii v MiSifeo *£_h, M£ffi W #R M ffl& 7 ® Aii(ft M **t (ft tfflMft' 

&[§m£MAtl£fto 

• iff.®#® Jil^l A°{w, v} e E Js » iff ®#!£ tariff #7t/ST w fn v (ft ^7 (ft 111*1; ° 

^jf^^^rr. ®^iff#£i£7{«,v}g£, wytfii&iffnj^WlT^WSyfAlft (fifi-W.) 

i£-f¥, M7M£2£Sim MM^lfto 

• ^iE#fftlH-7o M#1T JF*f $7 w *0 vlft#7> {1,2,3} 7W7 

7®7tJW. Ig^iff®, 

f£ji£9.10 A®Miff#!ftl9&J7£te^£l®iWlft l*j £51. ®^la A® G (ft—# 3-^fe^T^ 

ft*$ts&i*rA. is^, *n&*&AWffl&3-*fe 


WiJ^A^^^(ftfif5Jrt^3IA'^-^aMs^^Cft, T£, tftfiE#£W£d>l/|£|M**Jg 

a. ®Jik. * 

JfiqiSStlS. 

Sljlfctifc, Me^iffTOi£9.10$j&7®lft 3-*fett£ft (-#Sil^(ft) £!AtiE 
®^. $®. £fai£ 9.10 (ftMMA, iff 

®#^B&(ft#*RiRMiff. H*M#«IE£5A#Sy(ft/ ; 7#f#tJi-^7/7l'yW&- 
*tBi*n.ift7Mfe (SMSH&W). «±. ^*iE^s(ftfiM?M^, 
(ft^7fQ-Mf/llftAMl*, ft3jl&iff.#1it£®WA#7(fta*: ±/£i7i6ftc$57 
-A«. BP (®M#J!;£lft) 

Px±^W-#A0Ilx5>(ft^MKA]#^ni»l)» Silk, ^iff.#oJBg#M^-7(ft 

®#7(ft X{fc$7 (W7nJE#(ftAiO 

7-J&±?2.1s, *B*Sft*yWr£rt&, 0rW±j£WfS#8Mtt3Ei£3feJ8&. 

(i) m (Bgi/i±ik) r-(ft-*t#7 (*r$ 7 -&i&), 

M$iMAm*7'mm& (itf.Mtftj5S!Ajffls«)®o e#. ^ 

iff#ffg;£*T?F (4H/£T--&i&(ft) -jfftf, 

WWJ, S&#i5$ (BPSM^-^. lltHSrWI«iW.«failPBiW.iSfe>.. Att£7 

i/|£|^ ffl— tPUb, ^AIIIEI 

Hilt, \mjl¥%± (M#5£AAM) R6i*Jtrt#to& : ?Slt>£#T. &##7nJffll 


® »-«• (£«»(») «t*w, r-. XKiii#fiWji, &M&& r-x* 

& tut 


ie (/lx) ^{Ram, >j 2 / 3 , 
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$9# W4ii4iW«SE 


*f£g9.11 ( ftA## AM[100] ( j£##*M[91] + $4H))o 

fc?4t^se («&) 

(Eftift 9.10). 

TF/^&ife. ■7i»P7K##c. H—I^S^h^-Is. 

£ilft T—^HS. »»&> (Ep^cif^ “lir). 

Bfr&, nu 

($n*j8C7.3), EPfHfc C W C.4.3.1 7>. 

NP-HW^iRiiEM 

jpJfflHW3-*fett^NP-^H@ii-«, TO^HJ (E&teit 9.10) ft* NP-£W* 
£PiRffiBj|^ 0 ®ja-^Jfe. NP47ffiftW^Ai&#ftA£MFZ (3****PiRfl<j) i£fi# 

*3 9.11 (ZK*S) fxi& P!IJft ^VTcZJCo it— 

£ JjSsW Ift F*3 £3 EftiiE BJ # . 

*3 9.11 (BP^(pjai!tWftfttt) flSl¥3E*T»E. “TOtimTM” 

fK], iZUFT 7 7 Pll 7l $f 7J ftftft (jFfl^fFitk, spy-^Z^Wi-p# 
£#SPiRijEeJ7 H#7 “MliiAWiFFiM” MftftttX 

*s 9.ii (japf^c)o siini&m. ai^^fs 

F> ft*£SitraftW$mXj#&i7M ($M, 

*3 9.12 (&«ZK*«) f?i£ftft (#-§&Mlft) i'J IT=ZJCo 

feM9.\2vSmm IF=JAM(po\y)\iEty, #ft^ft*ftft$$® rFtfriXWT 
ficX: £S*£3iB. M## (#£PvH±tk) 

*£±. Js-^UfTsJSft “np^M”, #@ jit ft ^ 

i@ffl*3 9.11 cF^#WiiE0J^^iiEB^o 


JS&# 

£1 9.11 3-jtffeftft NP-^^HHii—X?7#5'J JVP+ft**^ 


t-l 


#£niRMft*yffl7 3-^fett1*iX (BPttifi 9.10). BJjfc, gllW “IE®” ftitftffl np- 
5u£tt*£ift EPXj7fai£^&M. (“ftffi”) (E 2.2.4 HD. ® 

± & ^ ife tt- ft w e it * ± w * to iR ii bj§ % m . bt pa ft n 5 m it m *p « a m % m w a *p % 

ftft, (fp^ARTtbft^fft' 


#H4£ii&&frl£tfc: £Ei+»i.RffiH8Rft /P(2)nco/P(2)4'!7 


1=1 


NP-HiPftft. B£plttmt»iFa£7&#7Sffl)iN®, ftMiiEBJmftft 

(JP^hisIFTW^Wtt, WA^ftS*W^(nI«). «^®W*#rTE 

##£iffi[227]. 


® £BS±, 
«W. 

© i 05 *±. 
MiM), 


Mr.®i<c#«c»P«* Kaip-!fcl^.#fl(AWNrt>FBIi«. aE-?ilfi*5^ 3-#fei)!>iX^ F«Bb«SA (4n$XC.9) 

£«9.lt WfiEWnjflgja NP-fc 4 HiM*-a;iEii&ffl. (MS«9.4 

(Jfi.5ga9.16fKjffiW) &m\-%mR$MTL'P (JJH.##itt[227]). 
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nvf-Utin 


9.2.3 ^PiR&fjiaEB^-Ml 1*1 W 

t_h, 9.1 t, fe£ +X#ft£#&£.! 7*p«ft*$i»iR 

-®itt, i!S'fe**fc‘fl s i&- y N'MS r o 

»±iki£, “ftiiRWiIW*iiff—#XS^iiE93. KT'M#($n 
3-^fe^r^) W “fcrtR’% ($nOT#£it 3-*fe3rHS, 

SXfMf81^i3-ffe®). a*.- *£fi—ft 

g^i+lfT&&, WTHIW^M. &8t3ltti- y M5|JH, ft ftfcJifl* 

4IS? 

9.2.3.1 

ilft-M ii3A+ft&tli7M “£nit” WAft^X, “jtiR” M 

ife, Rift, “M” Wfr^iXlW#. 

*£±. #£riiK^«Wm*j M, 

MXitt—$m{ \am%m^a, mv,, ft->h#i» “ t^mm ^’, sx&ft* 

MBS? 


w&kjs, *#±. ft 

CsRXfc&^MJK*) fl&flfc£l£SftW*. SJtfiUdi, It® 

*#l«, Ht. RTKiUftaiKl[«cWff^m. 

teffiXSsJttl* (SPnTW^JIXa^mBS) &%£ 

it-^ife. AMR£±W, Xifc#lS&*nit <i£*fclit) 

Mft, WfmS^iftWMft^ttSXSWfctflHfaft&tR. Hitt, JtlEWt:XM*J- 
ftmswj (W#fciiR*£>. 

9.2.3 2 -tlWJ? 

$, RTft&ftfe2r*a«£i8&f&iiE#. flOTiA*, fait 9.10 fafftIMl (BP3-3ffettW# 

mRmmm jiMSitt3 

SW) —lt3-iffe^r®W'PriB'tt-^iiE^#'(!l[|ftSE#fl(I^W»®ffi^«. tfeMift, £Xfaf* 

^iiEI0#&i&tti&fiE#lU#Eft l (SRM—Jftifi, 

®) SIS^SHt, “H® w -#3-#fe^r®. £-Afffi, HilfJ 

#mi^3PSf#SiJ{Sf5Jfgmo M«ttM£X&Xifr®ft«SftffiHftfB] (JMWfr. Mi&MW 

Alice MTftJM&MSLtfcftfcliRM: M Bob E*7«±iM£ Alice IJM&tefclit&SK fi«J— 
ft 3-ftfe#*, m Alice Bob Alice ®*&MftfcmftjaZi£ 

Bob M 


© *«*«£. iss-sm*®*#*-3-#a*«WBa <«aat®ii«*r»^wtfi»T). —nsno^tN <jsl 

6.2.3it>, &#.&% c & fI'to ffiffl>bsiaa«iw. 
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$9# W# ill. !!)]£*« 

ffc— vfaf&T 3-#fe^PiRW^iE#. $P^X i t'fi;i:ijEB^#®iii§ P, # P 


l&—ft 

“M” ®MJtM G W—ft 3-fM^MIM i i/ > f FflUlT (&g$ G) 

/>( ip &s p sip Msswift). s#it&#&*& a g *n m f $ ft pztmc ffl 

M) iitfntfaJ-^ p it v%\t&%L g WI$fiEStb (Sf^ |g| i$£il^)<> $p^ p & 

JUfcK&gG, JMJS&Sisfr^MMMaSWfilrt. ®4f-, lEZf KyifWMffik 


Mitfco ft®, Mz/7d£ft#f$ vm%:, »iJ*mJR»Wttra®#. iMflSSiHJS—It 

ML##£i$[91]ft 4.7.1 DfMi«fifc. 

MPiRMM, #&JJt«>W#£PiRM, ftft ¥hJfM %tfrft ® i£itftWi'F7 /71 fl (Mi# 
#£**[91,92]). 

SS 9.13 (SS9.11, $i£) fii£ (#—SCffllftW) §§${#:£, DJiJftg: 

&£PiH®#£PiRinftJ1 OMftffiiSi® NP-ffi#i)» m~iPte, ft*£S&#-ft NP-Mff't, ms 

9.3 fflmw&&vEwm% 


(pcp) *»#&*#* 


te£#4&3&#fc3!N-, (X 

#Sfett) **#L**W# (anfctt) ££#l (*#*), «’13IA&ii#&o 

MSIt^MMftfeit (flISM) MMftMT-ft^fffilft, Miffiii&gffi 
W+A^M^ifttWrlfWiEfiUt. ^^SS«(ftSftWfMl?±, El«ftM^r7l$S 

MftWftftft# OA^m^m Sitk, S#M^®M#ft-ftft, 

vz^ttmiEnmmm, m («) fci&g/mw:s«t&fl&$ftM#fttfci# (bmj. 



9.3 PCPtM^.—ras 


® « t.. a«m-$«*:R6 r-iiMsiK*. 
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i\num. 

AllAiSA® Mil. IS T ^ g EP R iJi l' u J iff. HJ 4 1 A Tii S > it l \)'j A A* il Hfj frll IE 5$ A ft Hi A 

Mis, (Wffi$l) MWSAM/2 

(pcp) %m.° 

(AiSAilii) iffeM Elite, 

tiH. SAteilEflTEBJI&ii^TT^il^+i, 

(sa-aa'I^^wmdcoii^^^)o m &, pcp 
m'm&THZ (AT^-EHstirs') im®A \Wl, M&M^&IPlttA'MEAA 
mm-mm^i (AEAte) wfeM^Eiiteo mmm, am “w*jscwwtt w 
lf$(» (WT^ffiBJ^jm&ttWM) 

pcp &xa 

PCP M IA Ate §: A® Ate £ Az/lJ (in pcp A Ac fEl A s& A A A j IJ 


tfc#teg: #£_h, PCP £9.3.3 ^ )_ 


9.3.1 ?£.$i 

±fot, »nJlt^iE0J!^gt'&'g—t;oTWi^l«J^TffiBjiS<j 

igKwmt). stk#, 

Ef): M, infctfltf&iSI. WJAi&H^OTMg, ^ffi#MWSAM/2 WIWJ. PCP 

9.14 (MoT&MiEBJ-PCP) 

(1) s (PCP) ^-A«£iIAtel0]?5!gA v, 

• 7c&tiio xt&Mxes, #&— ^mn7t x , \twMm\xvxR7t x mwninn, # i«k 

,ei«§x. 

• ^-sitt. ^{iixjsMftiig^, rtTmAxRmmnmm*\, #i&v\nm'> 

1/2 (ftM^}£2&Xo 

(2) ^-T-mM^ffiB^^^^WiUrRlX^Jt^rN^N, inUteMAA* MS&A, 

M#S££Hi?(/i)T11ste)N. ®^1Kitk, ffitttefc&&r:N^Nfc|ftffi#*fT n tb#lr 

Ags^£toi®#i#»s±K. stfisairip?, mrwimn%& q 

TCT(r, q ) . )ftf /?ip e. a 

def 

2>CP(/?,0) = U TCT(r,q) 

reR.qeQ 

gtxmMmmvEBjiMm, pcp (££-s#.&#4o. #»jife, 

MiigHAB, Bl^^iIMIf^rrg^^WWI^fK5ij2-*, MS&jtT^UnT- 


CD i4*| (BUOsRl). 
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fSfL Silt, (ft 9.3.2 fD fi«jPCPjMfcftiIS0+4ft#!ll£to&i 

g&*, PCP^^«fr# I fWMs^^it7#)tl5c«J5C±WiiHHJ3. *&±, AMf 
jgc —pcp %W&W®3 \—(tkfiEigfjMgjffi v RTi&£j£M0rWBSin.jft, ftfl 

m^rW^WM).i4-^±t!l,PCP NP-iffHJJ(ft 

jjgS9.i5)» &w, &^§ftWft-ftfti#ft*iftttM, u w 

Bfitilif, ^J5«si. £7®5tiIEs^ii?I (ffiSR&afS'J'—»#> fttlftftT “ifft” 
iiEH^lfJlElil'I’to i|ftt^fti&ftif^IE#Rtll:i:—7 NPAIEBf ftftl^/lfttt#, -S MR Wll! ffl 

&X9.\4 ftttmmhmmm'L apM#nriMm^H!rMi^^ (itTM^Aio 

mmnm®. m&, #iSj®&Mf&iE#R««ftA*Prtais£ 
ft*: q ft ft ft ft ft (“»$) ift I'pJ nr R )IJ X!, 2 " < 2? 7 ft-ft ft ft ft 

(ziit^ij) mi ft tn. *£& pcp jfkm&m&tfmmTimm&Mi&uE#, 

pcp . 

BMlttiiiiEiPHfcJ* 

F, ft (fj/jgftlfj) teSi-^ftAxffl*, ftlfcftft KtiAx Wi+lf, g 

/ MtRUfp] am&coftx, tiMtA x, i mma, ft. ^ 

ftMftftS i). FWMijEnJ3ft®ft^yi^fHf*tiA^, OTsft) 

xWitat/:N^No MiTrft, ft*PCP (Mft) 

ft - Aft, ft* PCP r ftftftMMR; <?, PiJftftA 

iiEBJftJtft±pa^j2 r+ A ±PR*2 r -</ (ftJSJjg 9.15)o Silt, 

MlftftgMltt PCP EtJlt#S0 NP-ffiBJ^^o ft-ftffi, 

ft^Mft±, pcp 

SE#, ftftg§9.16) = 

PCP £3 (B|J MP=TCT(\og,0(l)) ) ft^W««^*^Miitt^iiEWa4f^icJSCWW 

fto ^ft*ftft, i m¥T=m>, shij. a*^nr^w. t&, ft 

Mm TCT(0,O(\))=Tift% TCT(r, q )^D TlME ^ r * +r ■ poly) ft>J^9.17)„ 

&ft, ft ft IS 9.19, 2>CP(o(Iog),o(log)) *. MB. ffxi£ft 

NP-iNfimft NP-ffigjStlE. / (ft /(«) = «), 

2'' (n ^(«)</(»)ft, 7>CP7&#7 M’f (ftftlS 9.17)o 

9.3.2 

PCP^3it;f, MP=TCT(\og,0( 1)), ft. ft if it ft ft 

HU, §®fftH-TPCPli. 

t5feft* PCP(poly,0)ft^co3tP, M yCP(0,poly) OHft? NPo PCP M®. 
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i| 


TIME 


CiE>JM 9.17). 

^gg 9.15 ( PCP £KJ J5!]Bt±PLt) XtftjiS^JjS^lf-SgtfciSlSC r, ^ TCT(r, poly)c 
jV TIME ( 2 "' P°ly)« TCT(\og,po\y) c ^/!P= 

PCP PCP MM 

>'4® (E 9.3.1 + MfcHfc). ftff]®iJ3. Sit PCP M^t (BP PCP( log,?)) fc-^NP-fiEE* 

&, ja^w-^h (^aurM) mMm-. w suit (BP?(/.)tt#) 

* “W±fet¥fe” (fftTMlEflltt. Hilt, xtft:tHM£«Mlfc?. Min 

NPcTCT(\og,q) (9.6) 

fltlNP-^)o 3$. PCPJt 

S^tU—? nlKAyt/fit*. 

£319.16 (PCP £g) NP cPCP(log,0(l)) . 

Hilt, 

ffc#PsiaiT#tmittW«1o «tf»#*±«fc*3 (J& 9.3.4.1 H). £M£S 9.16 Situ, ft 

ff]5fc£tH/Lj61ftijl3. 

NP--5EtgS'J PCP MW 

£3 9.l6Mffiijl3ft8iitttM, £+pPRF (JVP+H-WM—ft* NP-ffiUffiSfe 
PCP M# (WM 1) ifftia. (NP-ilEig-^M) /(ePC, 

#ft —'tinfem 9.16 + W PCP 2/k iiH# P, - ftflXtftm 

(x,y) eR , S in £ Xt ffi PD ^(.K.y) fill M W S l°] 0t , -t* iff. # P ,& H ^ fi A x (BP 

PrjV***'^(x) = l] = 1 ). [HlMSMMgSlPl^W&^NP-iiE^, AIM NP-iEB^'oTW^it^Hg 

Wi^ltiiEB^tk^J^afMliJSSl0j^t/rmWNP4in^^ Jl^lfe, *fft* ff >o, $n£gg$£& 

liWf, JWKSSaiW (J^ttJgM) NP-iEB^4 1 o(log(l/f))^tti|#EPWo £P*±, *£Bg#l 

($0 9.3.1 )« 

tMSl9,l6WMriTMfilSMI. £S9.l6*W£mit#t 
$nlIE0J1^®iaiW|pJISS<J^pXM-tt (JJL 9.3.3 ¥f). 1MMT “JEM” M (JSL 9.3.4.2 H), ft 
Silk, ($—^MiE(fi£tt) PCP-MW, JltBt@MfcM£3i 9.16 & 

NPft-'M#®: &*3 9.16 9.15 fflggft. NP |ft—I^TflE. 

Itifc9.17 (NP fit) PCP#fiE) ^P=PCP(log,0(l)) . 

PCP £aSEBJ3#3l 

£3 9.16 StiX.ftWHlttiiEa^TWmXMirrii®lK^ 

to5S (9.6). £3 9.16|ft5^iffMliJ7*TOBI (ttMlHit* 7SWMMfc3iMS 
fiflftg* 1 ^). Hilt, W"FH&Hi HOSE'S (JSL 93.2.2 TO MWA^-ftiffPflAvi (iSL 

9 . 3 . 2.3 m, 

&, i£*£i6 (JSL 9.3.2.l H) AWtilfttfrtt, ^+^ft*NP^W*»iHf«lft*SWPCP* 

gt (a^WttM^Jt^^JjS^), BP ^!Pc3 5 CP(p0ly,O(l)). 
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pcp #J 8 Nfcjfc 

PCP $M£$gL4.Wtom$o 4KT3^f + , 9.3.2.1 *, 0^*fei 

&PHi£T PCP W?&tfeo *t PCP ft fiMHfcW, W£ftJMMfr&o — #ffi, 

( Mj 93.2.2 Ur )„ #~tW, 7&&-'h 

£$ ft il « , III £fl] ft f\ &«i£#r ftil « # * ( 9.3.2.3 t + K & * tti£ )„ 

9.3.2.1 M ^P£ 7 > CP(poly,0(l)) 

iim pcp aega$7 

PCP JKSEWS&a. ItliaSS (nJMKW) iEM + ft^MaSIt^tfel&TiE^WJEflft 

07) tl. 

5fcMi£&TOj£o tTftg&I:, Jft->h^WGF(2)±-^ggl, HMitlB-'KlE 

pcp bprt, H*aRijaj&NP-^f»ia (£^^ 2 . 25 ), ®pcp n 
'MgMtt—&3rga. (pcp 67) 

rrW2"^tt^ii^, ir^gf2" : t-»f^. alii “mmm n 

*) lasMtt. (7'jffl “ 7 EP$^f/r” mit, n^&mr a mA 

ts”)o mis, jj&M'im-ftxrmm 

Rfttm (&i»ft,tt) n&mxMA&m 

£W£. MftMUrltnTo 

D4T — #P Hadamard $5 

iMfclttftE+ E.1.2.2. 10.1.2 f &1& 7.2.1. 1 1) 4H8 7i&ftft4o &&^ft, 

i$££Wft77*H (&±«^ + ) 

&& 

Mt^GF(2)±pT?»^07-^^fM^07 PCP %.<&* IA^^f$i^^,-,xJ- 

%Wm. MMs^WllP5KmWM), fiS^4>^#-^?i^fl7Mr = r 1 r 2 --T„ ufe 

nTH'fB;feGF(2) h07 n 7Ul»lm)o Ifv— pP 57> i£fB7J, 2?7{M3$tr Hadamard tf 

ttta6GF(2)", n jtMa^z 07f 7IH mod 2 (B|1 7j (a) £*.,«,-*) )o ^ 

-SP^> 'a#70fWr,r / 07^ttfl^> SP)attmy0eGF(2)” : (nJ3f#GF(2)±07 «x„ 

3£P£). r 2 (^)^^ Y*,jPi.j t i t i 0>b*M£*<xeGF(2). Wcr 2 =(7)o 

^pra-a-s —mtteM n Kfammmmm ffivutvE 


® *=fSffl GF(2) 2 -^7C#(KH£. 
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iIWUAtt 


Hadamard tS 55 WS!li 5 S 

&.M: SP-^#<tS^r = r,r 2 --r„ eGF(2)" , 

a = a t •■•<*„ e GF(2)", W T, (a) = XI W • «T e GF(2)" , 

#&£& WWT ,( a , ) + T l ( a ') = r t ( a ' + a ') , a' + a'^GF( 2 )±W|p]*ilPffi. 

0.02 0.01 

^ (ja^JH 9 . 20 ), 

fi ( BP Pr[r(r) * /(r)] > e ). 

0.99 MJMME&i# Hadamard m^.MX 0.02 


M#TOtM^ffitreGF(2)" itt Hadamard 0.02 

6^7], IJcfelitfe, r' e GF(2)" £ft Hadamard 0.02 £Kj T 2 . Elllfc, "BTlU'fSiSi 7] 


(b$,T 2 ) (a!cr') fill Hadamard PJSRr^y*? 0.02 ® ( t' r ~j § 

£ M*b*R (BP t'j r,r, )). 

‘I 3 - [Sl^ t e GF(2)" 111 r' e GF(2)” , JPW r (aEr') lift Hadamard iSf^ 

f T : GF(2)" —> GF(2) (aE / r . :GF(2)" 2 ->GF(2) ). m 7] (MT 2 ) ^ f r (sg/ r .) 

0.02-^i£fl<]o 

Hadamard 5i ^ fti4 

fiiS T /:GF(2) m ^GF(2)gg^^f ( BP Pr, [r(r) */(#■)«?*]>, KOTOM 

M&x, r St)W& (Iffitfl) &&)&, eGF( 2 )", 

m ffl T(x + r)-T(r) o & M : i f f E * I W « $ M d> 1 - 2 * , HI * 
Pr r \T(x + r)-T(r) = /(x + r)-/(r)]^ 1 -2e JeL&W/(* + r)-/(r) = /(x) (^ 

m, %e<i/4rt, mm t £-&%:)* ®nuit. 

0.02-mi& dr 2 5f t .% 0.02-^ifi), lJoIWaiaM^^^aiM^I»17; (3c7p WMMIE 

M'KM (BPW 0.04 ftfjfgiUffi^) / r uE/ r .) {I. (JKL7.2.1.i1?)o 

#ii&*&5£T*t/ r : GF(2)"-► GF(2) *D / r , :GF(2)" J -► GF(2) , £4> / r («) = X,T,«, 

il/,■(«’) = Z,,<X/’ ^W< y =r,r,o &=£, * 

<&temx ! fmA=(r l T j ) j %\a , =(t , uj \ MmwH, 

( JaLaJJ!! 9.22), bttWzA^A', m?T r , s [r J As*SA's]^\l4, K4 3 r fQ s « 7UfaIs:° 

y±-€: £i&#fflR51T(BP A = (r,r,)_ |P /*' = (r' ; ). .), Wr T ^s = )s y . = / r (r)/ r (s) ( S 

9.4) H r 1 A’s = '£[£. rfl j^Sj - f x . (rs T ) , ^ 4 1 rs 1 5 ^ s -fe; r 6 tl IR . Silt, ( ^ 


® &.&■. * (hK^) ill 7; (§Er 2 ) H»ttSW > F-FrH]MGF( 2 )"^GF( 2 )M^tt»*S[i&»aEKSX«W-^Sideffi 

H (B|J Hadamard fi'l(Vj^f 1 ^ 'M 1 / 2 ). 

© 1v*h. lUJi-^ElSf^WuEIDHX^-S Hadamard BMfflWKSS A 1/2 
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(r.Tj ),, * (<J \j > ^ Pl A [/r (0/, (*) * ff (" T )] ^ 1 /4 


spvfit- wtdii:iw£& 



— / t (H -/ t ( j ) 


9.4 gcttajiS 

m, / r in 7 ., 0 . 02 -iaw 

(ip 7 ; 4n r,). fajifijffl gai4g, ojWwmssMftMfU / r in f T . ^»±, 

^$m±^W-SScttiWift, R*Jffl/ t .Mg£4«*t#7. Bfcteffl7/ r £GF(2)"±W > MBi 

(SPrlPs), rfo Kffiffl 7 / r . 4 rs T Mlt, ffirs T £ GF(2)" 2 

Site, ifi 32 ±5 ^ i£ # itt r,s e GF(2)" |P /?eGF(2) n2 , ASSISI 
7;(r)7;(s) = r 2 (fs T + /?)-r 2 (/?), nTy7iKd/ r -^/ r .fti—Sett. 

(g&BS) 0r 

W£fiJ&#*/?+, tfi&(r,T,). . = (<,).. o 

®«&£tt±J£/ r *I/,A<rtfr!i»l (#5'j±fe. r' = rr T )o tPlgrT^ (-&) til, PJ 

j£. ^a«^rji^#i^-^ge(x)=o- wim^P7±^^7imm^/ r .(e)=fTo £ 

$P7iiJi^4 5 , UMI'Jffl (^r 2 W) g^fa. 

Stt^/*7Xtffcffi#M«J£. &JcS!j, i£3&iE#*f Hadamard 
«, W^^iG^-SSftilnnTM^am, 7 Hadamard « 

Will. <2~4#c), 02 

2MftA;frg^»M$fettia«). iA(“ 

m$, (feg'K). pumMW 

W i ftSft&MfcT; gr 2 cap 7 ; =/ r , r 2 = / rrT >. a-3fffi. $n£$&Att“fc3fg&&>5 

rTJ»J£M, (£±iEM—&»«*). JAWW 

jvy c?c? (< 7 ,o(i)), q 

m# 

«±, EtiEoJ^^WM (till) 

3^53, WEtiUIglo 

SISItSSJISlii. £B*±, 


tto ii# (^isffiW) Eiittimnrw## 


u 0 ( 

At£ 




#|3TO pcp JflgEMitStglttfait'HJcfiJ. 

9.3 2.2 PCP ®S05l^-#iEI§«E^ 

pcp^a (^s.9.i6) 3 


315 







it 


%-p, % M’l. ftlii-'h (# 
iij^j) PCP^gt, BPi£ pcp 

i£ pcp J^JWStfJ (#») i&M&JS, (M±. 9.3.2.1 W 

Bi&intbr&#—#sat). miEm%m& se m m& w»jmttM. 

\m»ivm “rtSP” ^ 

MWitiiM “*h§P” “*h3P” 

», #§£ “*hgp” 9kiE#^#2fKj (M4 1 ) ffifitf, #M “£hSP” 
fTSMftWto “rtSP” #^HSi£ffl±i£ft 

SttflMt. i£#Mgf*Ji3l# C‘i&£jsm”) M, #«ilH#[iiS^f “*hgP” vEW% 

±W±, *h«iE#&M3£>l±lft, “a*” 

m&%x, ^o-p^ ti#njy. n im a, 

aXMMW) Jg&SffilEfliMSfrA (#JJS0!lftgjEiJiM*& 
A). rtWtftiI#£l^±ft- > H&1!sU&iiE#. 

# w^ a # w p c p m&&m bt w n m Ar a? m^ if w pc p , n*m w he m m § *■“ ^ 
gp” “M” c% “*hsr MM^nj^arox 

“rtgp" iiE0j3> m. mmmM&xmfttbu&ikm&mmtimmmtimtf) 

“ fyM” a*awis#wBi#i*S[fli^7^ap 

^iIE#«gW “*hgP” ffiE + to&S. 

WIMfnl (&Mrt»iIE#^J«A) IX M& “(W iEWtfimtima} C&ifcfcWt&IE 

rn^imwmm), tam9.sm* (Mffi^m^a-^wansr). 




XZ[ 


IX 


I ,' I I 


«. • 






1 1 

■v 





9.5 PCP 


j*. Ot«) 4ftA*fiEWWW»l«0ffl^JglftiiE#W*IS 

fiEW. SetBfl- (SfJ^iBiSI) 

ait: &—^Bs#itt*&sAr\ 

q ixMJ-'MfrW pcp, 


® a<n*ffl7##x«[35] M-awffl^'t*#![i5, i6]>pwjg*&)K^. 
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$ 9 v: 


r(n) - r'(n) + r'(q'(n )), Mill ft q{n) = q*{q'(n )) , M q’(n) ft §PM#i£ ft 

WlrA <fiBW> -feito (sic 


j|C — 

#sm, + cfiifflr'(»)=r'(n)=o(iog»)a 

q'(n) = q”(n) — poly (log n) ). Bj-fvISlI 't' (A J‘ !hCP fill) PCP ^ 

r(n) = r'(n) + r"(q'(n)) = 0(\ogn) , Mioi1S.7filS.7j q («) = q"{q'(n)) = poly(loglogn) o^Jo^Cffc 

% “fttv %m pcp* mm (M>m -^pcp^m, &stnf± 

&JS*/r(«) + poly(?(w)) = 0(logrt), i&ftfiikSA 0(1) , 7 PCP ^S. 


&iiE.9.3.2.1 B&£iU 


ffl„ “^gp” HttWPCP^ “rtSP” miPCP&j®. 


( w / lw ) pcp «, mmr-mmttmm'Mm&ms 

is, 

nRMftpcpmm 

ififW PCP 

^mPCP4>. MWPJ-'NJMA, (^f®Aj| 


M PCP 4>. <;gg) tfrftM'MKW. —>1 

ft£«rA, ft Midi, i Z&vE 

o.oi (j?R£ 

Mta, #JEi 9.3.2.1 2S4 1 — 

9.3.2.1 1?4 J WiiH^S'. WA.&P 9.3.2.1 tV 4';£S£h 3^iiE#i£^-$Mi5: 

/ tc n 5 pi m + n a w 7; ( o'-m o"-*) w m <t)« 

Mttffj pcp 

“#tt” mijftfcm, su “tm” pcp^m^h “asp* pcpm 

mitt, (M4>wi/2iftW) 

” mm x, i^HSIF.nj » = *•,*■,-*■, e {0,1}', to e {0,l} r , 

n, Mi!>tn/2«wmi£/;M, g * i mJ amm 


7Z 71- 

'tu.l ; tw,2 




ft) ifOft. M P m MfejttWiffiftm&ftf'l rT«SISW*I filial 


: &±, ftJ^hlfPMM 


© -»tre.aua® crtai") “b»w”. a^-e* r^®’) 
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iWlALKn. 


Wha. («tita£niit), JW1 9 . 3 . 2.1 USift pcp 

(.M&fcMM'&l&fkWHM.&SLtfy PCP) — M, m\W^^W\nU, s^s 

iIEHJM-£SR}E&S PCP ffc;fcrt8|5tftffi#. fflS, PCP Wtett 

& mm—&*&&&) pcp, wHi). 

PCPo ®F,;*j-^filtt®-M#> # tfi !&£#$& A x 

co e {0,l}' l(H) nJfflMH* poly($f, (|x|)) W4S&3fc}S;i£, C. . BP 

S S $!u A x, £n ae! S f5l "If x = x,x 2 ---x / |P |5fi #1 ^ <ye{0,l}' 1 ^ fftl t/j M , ^3 J=L IX ^1 

C a (n jc i ■■■K i ) = 10t, F, ££51: x, itS i a . H^J^fluA x a> i&fj; tftW, j 'A 

w y '<u.I 'at ,2 V<n(|xl) / 1 W 'J J 

iftH. MS'J, c~j (1) Writs ^TIXS &t m poly(|c-'|) = poly(< 7 , (|x|)) 4- F 2 C“' (1) 

riSSNSWiamiiE#. (riWT) FjWtltttt##. %P*±, M 

#f 2 j3z«#^^t*s^c <!) , 


o>€{0,|} ,| (H) 


WM, RX 1 x A F 


iE#. jttfiAx, 

im c^ts&Ax), x^af^sbj (^r$x, ,x, ...x, fiWACOjwriss). *i£ 

“ VW.I ‘(0.2 V,l n, r 1 W \ / 


<w.l ‘w.2 V?i(H) 
n(H) 


Vl ’ 4>,2 ’"'> *<»,», (|x|) ( ^1 ^ 


/s#S'JWM# (AF, ) a>e{0,l}' uw . 

^MS^iilAxlPRim^oiStTiUlol), x, x, ••■x,. 

Vl V2 <K.<?l(W) 

^PilHBJSax^Bt, mm F 2 o BP^nmF 2 i^fP]it-iuA+ (i£MS) HI j Alt#, MS/gW 

M#itlNx CriU^tt&y^tfc#), itpi]F 2 J|fitfffij|^t(:#o 

M$*. $H*xJi—--t* ]HiJ^Jffl^^iiE0^x^(x (a ' ) ) ...., nJ&ga-g-JeWffc 

i Xrffi, ^ “ ; s : ” $fij, 1/2 “-Citt 

fflx (BPftM# < ye{0,l}' l(H) 

$Xjffi®MM4>A 1/2). iPiLS. MF 1 SSfflM35 ; <ye{0,l}'’ (|x|) Rf, x, 

WJ (*fSmx ,w) ) V 3 &fa&# l ff'pifyfcmwi£'>% 1/2. /AMXiMMWiiHiiaMg (BPS 
l^(/') ,,,. ), »J&£-JSW16iiE#!UM'l> 1/4 ftOMftiMA “?r” £0ij, nj 

tXiii±#HT 


^« CO) 




®-fc-HU-fttilWI 1 . KjS—t-'ll*# (^WtfrHJMftAWffiWfit). #Jr-« 18* , I'. j£to PCP tfi® X& 

®r«*H4#T»Att»fftn‘«af& 1 *K. (JflC.) jiWflH&Sgft'J (fl^iaaiM&A). (»»-«» (toc.M 

»A) ±i feMtttfffi. S* c„ (HP|C. ) | = poly( 9l (|x|))). SIR 

AS. 'K'*±. «•!£.* (WM»^K»A). iltW. K 2 ^fi;±ftx=f PcNPtiSW-'t- 

W)ifittPCP. ifulHmi8ii3M-MMj*;(C,a)l!timC(a) = l (Jt>f> C>t)B^fl|fl<JtfA, HO a ^J|'h]H»A). 
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va v c< 

*N&i£n' o "]^£M(NP Jfcft ) 

pcp f %&£&$%¥<, %fr, PCP @jfc, K 

T#3£ftfcfcfc7#fc&*. 

NP PCP 

±HuE0)3 jVP c TCT (/,/), Jt-’t 1 /(«) = poly(logn), &®tfeH®XfiS&iiEI , J3*8f£ftefc 

<£JiffiiTH&) BP«T#S‘Jo ^7VPc?C?(/,/)WiiEBfl^^^M^3CNF?£i^^^M*fitii 

±, &ig 9.1.3.2 (^+*coJVPttift—^SSfiElJil*^). W5fc5fc48i£& 

##*«;. JS±W PCP 3§^c. 

3CNF (sR^) (|<z>|W) M-KiM-Atc 

f (^ polypi) ^ tu it) + &<jii&. 3 cnf m 

^(x„x 2 ,-,^) (MStfcl)nr*^^®»[C # :{0,l} 0(loe " ) ->{0,l}, m&C^a,fi lt fi 2t fi 3 ) = l^ 

J.{XS/=1. 2, 3 0}, 

Silk, X}ft jS ae{0,l} losM , #4 nt — W (ft,/3 2 ,fr)e{0,]} m * 2n , \tU 
Ct(a,ft,/3 2 ,&) = 1. Tl%i F ±XfC^-ftf^ttri, i2f£<Z>, IP^^J 

{0,l}° ( ' O8 " ) cF o(1O8n) ±-^Q-S[^ (Bt-W) 

Il^SlJPCP, tf5fcg&lU 

BP^tF^AM 3CNF ?55$#, (fcl^JK 7.12). 

W%%L?kft&%LA:F v *” ^F, '£###*#&& <j> M *<£!«{& Kj-*+ M <BP*M£jft 

y e{0,l}'° 8 " = [«] , ^(y) W{|;^^f4 , !®{t l t l ll y ^h^mWfDo Sltk, 
ae{0,l} logM , 

X <*>(«,^,A,A)-n(i-^(/?i)) = o <9.7) 

AAAe{ 0 .i} 3log2 " <=1 

iti 3 : (M> ufeA^mp^x^foik, &mp={y,<j), ^4'ye{o,i}' 08n *^s 

(BP3EMS&&). ^ A'(p) = (\-a)-A(r) + cr-(\-A(r))o Hitt;, 
sR (9.7) M 

4>W—'Mi/('(/?) = i—S j®*). ® 

9.3.2.1 U*||W), (9.7) MJfrWM'Mfefll. 9.3.2.1 

Tf, (B^i*»S^£Wlffi#l»). 3UsM£, 

“M*JT IW, 

W) 'MiMMl’B] (J& 8.5.2.3 U). (MII^J poly(|^|-|F|) 1/6) 

lBffc ScF M , bT (5„5 2 ,-,S M )6 5 


® tt.«: *Ti*#Kla . 4ftEm-tfy^.jif&(fi,,fii,fi i )e{0,l) i ' otlm itn<P(a,^.fi 1 ,fi i )*0.^=A.&Hfi„fi 2 ,fi i )y}liimtEma 
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u-ffuan- 


X 5 a -<2>(a,^,A,/?3)-fl( 1 -^)) = 0 

ahP 2 lhz{a.\} 1 ■ i=l 


(9.8) 


def 


/ = log|^| + 31og2n o (9.7) Bg, 

OIU /i 3£$ii«>£5S (9.8) 1/3 (s^.-.^JeS ). 4iT 

|5| = poly(|^|• \F\) , M^|5| = 2 M , MnJWf'Jffl 0(]og|*|) > Mffi#UlK£ S *i4#~& 
#l*^®^fniafSlfc*)PlBI-W.3S#W(s I ,J 2 ,-",J hl |)eS, MS (9.8) 

(WB.) srwfijffl (-‘j co^pwxs a iiE mmu ) « 

mm&vE3. (9.8), M=t#fiJ*a&£Kj«S£ 

P/fWMWlf'3/iJ) ®v±E: £*j-/^MtT#f'J:tJ0, &uE#* 

OTiliilR] /l Httiffl&idfn|3te£®l. *n 
#i««iiias#Mog|F| > M8Mn.». ^di(/+3)-o(iog|Fj)j!fc^TftN (^m^/^tUipt, m 

(F ±G<j) —'hi&Sfc&MS), W& 3 ^ Mi'pJ aS'^^j F ‘4 J Ju^)o 4- 

F|»0(/), ^4 , / = 0(log|^|), OfiJE0f3#1SDfHjJ1 o 

im. m&A a 

^w)o m&m&, 


pm. fjfflw 


def 


F 4* Cfr poly(log(«)) 4 7£:!; > 4T#f!l /A//P 

c?C?(/,/). ^4 a /(«) = 0(log(«))-loglog(«). 

pcp mm. m {i,2,-,io g «} < ^' °^ mrm 

log log n 

'Am^j(io gn )-im^m^, MM#poi y (iog(/7))4^«MWii^ 7 

£, ^^i'JiS&f£^i'Jiii:4 1 Kfll^^^-6>(iogiog/7)4'Bgiatl:#» M, 

log log n 

7^407-^^ (0;47«&Mjta7 log/7 fg, 

log logw 

def . v 

4 7 loglogM ). 4utt4#5il, /A/!P cFCF(log,^), j^4 l #(«) = O(log 2 «) o 

M: PCP ififeh 

^74'JM44iwm-4pcp, mgmm&pcp (se-ew—4ik*) Mttw, mmm 

—4ififlAWPCPJS*. jBEffJe—4JK*40*ftfc«M (40^9.3.2.1 44tfjM), 


® a.im«(i«Ms**iajft-^MWw.. i &&im (f ±> rim#; £ ass. a- < w$'> 1/2 m« 4 o ig&fets&iR&t; 

JHuSMeB*. #^X«t[l95]'l'JSttl7-WjSafi<j»ja; (iS»)'M.7>JS9.23). 
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$9# f«H'ill !!)]£?* 


ainjiiSLAT^fy-^^tfcw pcpm, tom pcp ^ c 


it# 




pcp j£aLUc—^ pcp 

m pcp pcp liwtfjitt. 

MglHilMtfMto &®PCPTOfyffl##Wfl<JftM£- (Stt 

9 3.2.3 PCP 

pcp pcp %m, ^ns# 5 P/iwj.s^&Wift^, m 

*F-m&, mms.^ aaiiMm^-) \mm^Jkmi$i 

mm. pcp ^m, omsso 


\ 


^JS 


w <fit») iiHiM. ffis, pcp 

%mm f <ttii±w) “»*”. afrm-^/iM “pcp” jR^ms. \mmMwmmMM 

&m$L&&. bp 

ftJi. pcp pcp %m (bp&j pcp 

m). 

%7t&3&±i&i£m, mmmm%xpcpj&&, 

#JES, “gP6WTO£tt” jy*±tk, 

#xt—2 SnJ«fflM6!i (fcjUfi) (M# 

W) £*, 

9.18 2-$fi£jj|Cfl<j CSP) CSP W^J'&'S’— 

G = (r,E), (M-cp pJ tit ft # It i£ fn zf) • OLR^B+ &#£&$! 2-M £r sfc & # #1 
*=(£)«* • {0,1} o —^«tea:K^rMi^a«&J£M^ 

^^7|- y Mfto BP a j(w,v)e E :0 (u v) (a(u),a(v)j = lj „ 

ftffi&\£mi&ftvlt(G,0), BP 

r • 

{(«’v) e £■ •• ^ (u ,v) («(w),a(v)) = °} 


vU(C7,<Z>) = min < 


a:f-*Z 


(9.9) 


Xt : F&#®ftr:N->(0,l], gapCSP*, &“&” 

(BP vlt=0), M “^” 3fe^^ffivlt(C,<P)^r(|G|)^*M3tf(G,<*>), 
K+lGl^ffl G T’i&STO 


© 


anittB. pcp M®mtL&. &im&xt. aitiBwtiL^iige^^ pcp %.mmvL 
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WViM&ft 


j$it: *t^r 0 (m) = l/w, 3SAT gap CSP^ 2, '- 71 , JlA)®9.24o 

KtDIWIrR^fftoO, # 3 SAT ( bJc gapCSPji' 2 '"' 7 ' ) gapCSP/o 

gapCSP/£Hj—'M^WPCPM, PWpT#©I PCP £31, £>J^9.26 C9.3.3 

pcp gapcsp^ isj g a P csp^ (1) 

3139.19 (gapCSPSIS^WSfc^lQ^) ^*^WRW^&#IRc>0, #££lfiW 
|B]i+Jffi<jM/, Mitt gapCSP^lftSH^^G.tf), {G’,0') = f(G,0)% gapCSP r W- 

(1) iPSvlt(C/,<P) = 0, JIPJvlt(G\<Z>') = 0o 

(2) vlt (G',0')^ min(2vh:(G,<2>),c)» 

(3) |G'| = 0(|G|). 

m> a— #i&, VkM&2& (&W 

+M) ^id 0 'ti 2 0 

Jlt, iliitt»&M&ffl3l3l9.19, Tip&gapCSP* gapCSP“ (1) , SjlfcffiW, 3SAT<E 

TCT (log,(9(1)) (^ffl1fJEAlM9.24^P^S9.26)« 

SUMS*: ®£M;tliii, + 313+Hfrg “3§W^ 

%.m” mm (i) ( 2 ) &), &&&&#&z&mti, AftVFfflM&Mj&SJU-fc mm o> 

&). WL&is—+4kft. n^mmmpcp c 

Slit, # 

(BP^ ( 3 ) j®) 

fflrSISWIWta (JAL 8.5.3 U). M 9.3.2.21JS, (Bp 


nj- mm iiH mm 8 . 5.3 
Ufa 9 . 3 . 22 WJi£#lM£M)o 
fci£ij8±*fc3l3. 

— ^ 


■%,‘L', ^ + ^1 vlt 




(m^sp pcp 

%%t, & 9.3.2 .1 W0f&). AftaiUrftiT. 

t^K2:|Pc, dm t (JsB^SIA), & 

hKWA s — gapCSP r (G,<P) jS£j3l&0<l 


® ffll Vj'nTE#^i«[67]. 

© afifflr 5 fcjgA 7 @fcteffl#^:£ift[l 85 ]>PM#fffi® 5 £S. ftr*Jfc*<P. W ■*•»«*- (ftn 1/2) #-&■$« |hI 3 £* <aElftlN) 

@]*ftti7taiiai«M-ai4iaa. 
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(g„<^), it#G,^rf-iE]aij®o ®at—2 ^§jf, rawtstM- 

I# M3£0 Mil 1*1 (HP|G,| = 0(|G|)), R vlt(G„<^) = ®(vlt(G,<P)). &—*M 
(J&^1S9.27),> 

DyTftr3Klc,10fiillii 

KJ (r &) Silk, 

min(6>(/ v),c), £ + v #&±, ^lSif^Mg# gapCSP x M& 

#ij(g„< 3 ) nm% gapcsp r ^m{G 2 , 0 2 ), i$#r=r'', 

(1) ilG, t G 2 ■t’+a/SWii'ft#. 0 

jtkMT-^rf'-oya. 

(2) <X> 2 4 3 6 < ]^j^^:# ; lt2''4 3 ^ y h7U^3^^J'—(SEiiSisSf) WI-teifl 

(0 9.6), ( G, Wii+SM/SW) o BPWTWft^ 



ra 9.6 


*F 


®^;0 ( J!£l^o ^#*2' , ^gg^/=3 fftttJgft&HB, K4 ,; &^7fiSo i£ffi</ = 6, fiSWBitH g 

(M.m “w*” s» 3 ). (g 2 ,® 2 )^u5wmm$i 


Ey^G 2 M& m ^ w w in wSr-feBT^f v mjk 


© 7 F&tdi, « 7 iS)Sf ifeW^-fJ (RPtfW 

E 4*09 E.2.1.1 tf. 
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fflRo 

4 , Wii(v,v')'fe^& u \ft‘fc, -lxS^FSil t , W!l i 3G 2 4 I *l'J^ I F 

isttswiaffi^iRW <z> 2 % (vy)*ftia<^**#. 

MM, |g 2 |=</ m -|g,| = o(|g i |). t (♦^±. j@S±tiP® 

mi, 

TMxl&^MM^f/T, artS'J, vlt(G„<^) = 0^'g-7 vlt(G 2 ,<A) = 0. -'NfM* 

BPvit(c 2 ,<z> 2 )^min (^(V7-vit 

(G„<Zj)),c)o MMRM7 — ftM. ^XSg^^#nTWja#%3t«[67], ±MfSX*G 2 

r-feifl^E^* > M3i^W2 , -feTaia4>) <*&&■&. W«£M^-&£ffiG 2 4Hf£i4M “ffi 
*$t£. m±, fijfflG.^r^s^ig^. M±&ittz-t*ie, c^a> titw 

&iifi). sal, G,a{itii* F tHM^G 2 ^ (BPG.a-fe* t tfiktiHZ} 

min(/2(/)-|F|/|G l |,/2(l)) (jit: ^G.^^SM, &—IfsSl^i, M*t7r&®, 

i'&tii/j£i?l)o ® 

n&m=? 

mnmm 1 ?)* (vitw) mmmm\?mm 

±o MM, SM^JhfsinifiiJfPjR^gapCSP^ W]%m, M#gapCSP z M&0IJ, ^+r = i’ rf '. 
Sia-^W S W*&i£&0!l!0£r*r gapCSP z $f?iJo Mt, g# gapCSP“ (II 

w) pcp %m® (mu=mm 9 . 26 ), #*1$ 93 . 2.2 

ian’o o(^' iog|^r|)), 

rm, 93 . 2.1 u + w^a# bp M^rnfm pcp %mmsimvim 

def . . 2 

r = log 2 |G 2 | + G(rf'log|S|) , W&mim-TGilgiB], £££&«[*&/2(vlt(G 2> <^)), «lf / 

Wi^yfo MM 9.24, M-72r = {0,i} o,l) , Mi'J ga P csp r W^#iJ, &^SiJ5LMgi&tt0!l3» 
/2(vlt(G 2 ,0 2 )) o a —t^nk, * & *3 SI M (G',<Z>') ) Mil* 

o(2 r ) = G(|G 2 |) , d H t ^1 f I W ^ o 0 ®j 

vlt(G 2 ,0 2 )^min(Q(77-vlt(G,,O,)),c), vlt(G„<^) = n(vlt(G,<P)) , 3l3#ffio □ 

s# 

93 . 2.2 ±&ffiW)il!l-*5;t*Bfi. 't'MilJFS 

9.19), CTttf&f#symMi^M, MM, 313 9.19 

%TmmW£$k, MifM. /AM-ATM#- TOOT 


® lil ; fft*±MW*, iiEBJIWI® ,o(>/7 vlt(G„tf|)) fcfciOT /2(r-vlt(G,,4|)) gSS. 

© 3*sw pcp-*^awfta:^aw«^ <EiniUst^vit(G 2 ,^)e[o.i]fr:^*«(G 2 ,<R) >. 
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SJSv# 


9.3.3 PCP 

ffl (E lo.i.i Dr). pcp 

|uj@, 7 7 51 M 7115 A A if fi A m 7 M 7. tip Ax, S^IffiW^WIMfnlT, 
^ r&gxMifrfeUM* CBP^ma X;r {Pr[^(x) = l]} Wtfifi). Sift, iU* 5 € TCT{r,q) , 

pliJ#lJ7 5 7/&KMNiKro^A7exp(2 r+ ’)7MMA{i &7*& 


VN. 


orr^lftl'B] 2 r -poly ft;£{S. (fKjIE#ft) 7£^J#fStB7 (BP 2) WiSiW 


7 “ gM” iSIfelfplB. ^?7^F pcp % 


a*: ±aaaMispr#^* pcpi&te# k, (bp^ii 

x iftiM.%} max^ jPrJV* (x) = ljj )» AlPt-t, S7I! 

HE-^iawia^fRisffi^iR. TCT{r, g )m^mim 

AltiMJE, PCP %&l (Bp^fWilgioJ^® : FiuAfn^ijH#rt^MP<] 

£&#^7, iiiax, 

7-ffl 2' (W) 7 A 7 A A A 7 & A 7 7. BP 2 r(w) 7777 

^-7m^7^^iff.0^^g7ffl^th#W^(|x|)7^^^»o Silt, inmx2j-7“£”& 

fi»J, KU (*fi&£M) #£-ft£{tHK<£. iwAP/rA2 r(W) 7AA, [PjAjx A “7” »0t, 

7#^-|t*{titftHtyi^^7 2'' (|r|H 7A5to iS-^itll, ^ r(/j) = 0(log«) ttf, *&7x, nT 

unit, pcp 7 a (bp 7 if 9.i6) 
&fK3iLBTi£7jx.. 

feX 9.20 (SAT InJir SAT Will® in] MS) e N fO s > 0 , ifc^fnljS gapGSAT/ 

(BP ^ 7 7 7M7fit4$ 7 c, 7«)« 7-7 “7” £fiW<J|W]0f 
rfo “ 7 ” 7 04 7 7 iw 777 ?ij 7 7 7l - * tt 04 A A ifJ if. M A 7 ft fit . &t% 
fnIJSgapSAT;&ffl^^raj£j8C, 77«7£0<J75mitt7£JJ7FJ (B|WJ 

7 H 7 7 7 7 #■■77 71 fa lit) o 

M±, gapSAT^j^7^{?'JnJWg^±lt#7^^CNFrQit, WHSOTfSfj^W^nl 
f?t£ (4&A CNF 7) 7*0fjM° Mil7, (A!Pc 3>CP(log,0(l)) H^7 gapGSAT^ 1 * fj 
NP-5S7ff, S7Ht^7Xf^7'rf^£>0, gapSATjfi NP-^fnlJS, SAM* rrWifg 

& £T ® ^ ,7 & \m m m n m . 

£*19.21 (PCP£SWW#tf> tlT3 7^t: 

(1) PCP£S: 1£f#, NPcTCT(\og,0{ l))o 

(2) r$f#gapGSAT’ /2 7-AA-^faSSo 

(3 ) #?£##[ ff > 0 , gapSAT* 7 APTcTrlnjgg» 

£3 9.21 M5/£*££iEfiia Of$g 3 7&ffl#IEl$ttM), £ 

K: £&# (2) 10 (3) 7«*rHfJ pcp. Silt, 7A#Hf (l) fJ^mf (S^^uEHJW) 

pcp^aw^H'. -Mg, mp 
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wmum 


<j&:gs9.i8*i 10 . 1.1 tjd. 

5fciIE PCP ^ii-t 5 ^#7 gapGSAT ftj NP-ffl*H£. 

$ <7 tPff.tSe.AT, ( B3j q MN "T Wffl 2 ’ 

WmEmSeTCT (O(log),?). gapGSAT. ffTiy 

inii.4i«e{o,i} 0(l08N) , ^m^x^wcom^mm^n, s^taa^x^fistria®, m 

9-tM#®WJ&^TOihM#®g;co M±, igifisIRtfcSH^^M f'HSJ&WSi 

eJ^Z^) o # X B&ltA; £i poly(|jc|) -7 £ t££§. p£ Pt ff ?|J. q 't^S, JAMU31 

gapGSAT’ Ift-^^ijo #R$[%±.1&xeS (lKx«5)B* 

It * gapGSAT * 2 Pt “)t” (ilR “S” ) o 

miEm&ft (2) (3), lit GSAT flj 3SAT tl 

gapGSAT ? /2 !S£r *7 gapSAT’_ (ftl) , S ^ = 2^ ?+l) /( g -2) Ht, gapSAT^ „ '&M: 

IM7 (3) Ste-T&tt (2) ($P^£ gapSAT* P<J-^£#ij, mW^Wl/e 

*7 tt ^ 7 7) Ptl"«IX) o 

S-J5M&# (3) (l) <|W|#TC0J&ft (2) (D)o 

ffiBj gapSATj M 7 TCT( £ -' log,3f-'), mm WPS] gapSAT ’ P<JJ0£j#tf flj AT 

l7Pt PCP»^|5*±, TOfaia—-ti^Pt PCP gapGSAT’ ®T TCT^' 1 log,*-'?) « 

£&7pcpm*, 

7 (q M) #tfc«&&5£&WSB«fifri‘ C^tHlttM) #*£. &ra^ft#xta 

Tw/Uftm* q'mm* “&” r sm <.&.£%.%&&■%#'>, “S” 

)o 3 j 7;$AJ§*&W (fiJ^M®, BP 1 / 2 ), 

pTlAiiffl±^M#f- , ^(^ft#(l-£) 1/£ <l/2) 0 ■ 

mm tiLjzMfu —jb# 

9.21 ‘FW&ff 1 (2) (gR&# (3)) M^T GSAT (SR 3SAT) nJIADa^A gapGSAT 1/2 
CsE gapSAT^ )=, *-®fnia (|P 3SAT) 7 1 , “lilt*” figj, 

^rnmih “Mi” tm (Mifm mm “#” “^” 

MflS&iffiM “^” $fiJo M)i&, “35” si?$1MO*ItA j-# WW^M Bt “5" sfeflaj, itUTt 
TFJfHf Ai^lfBtiiPt “5” 7f'J|0J7/A,—T “%M$”o Min, A7 3SAT ftjS, 7nJ 

i 

yi^Pt^^Miftlt*^fI^Rr?i£, W73u$S>e. 

ftj&it. m&k, PCP Pt^iatsM±^ “IW^” |Q^j„ 

9.3.4 JPtPCP «Ei* 

Mit-te NP #§w PCP #tEM, NP Pt#^iAlgPt PCPo Jg— 

tt^^C^rW^Al'iSC (Superlogarithmic) StP^tJl‘14®^®» 
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9 . 3 . 4.1 np pcp 

»JW ^!P=?CP(log,0(l)) fn NP= TCT(0, poly). 

ifrgg 9.22 Mitm.SeNP, — / ( B|J / e log ) , 

0^*(«)^/(«)WMM*, ^ S&PCP(l-k,o( 2*)) (V±^= PCy(log,poly) S ^!P)o 

9.16, W SePCP (/,0(l)). %v£m S&PCP(l - k, 0(l k )), #jg*t 
M5£S 9.16, nTLU5ifft NP #§ PCP ftfiEMAiiftJB. 

NP'PM'fr) <£ffi^®fft. ' J) 

PCP ft-KJt 

PCP( log,log) 15^*, ^151^0 a-^±fe, 

&\SM/tLM 9.16 Bt'Sifflfftl PCP iftfqlK^&SIfiSIrW^Jl^-KJKItra. flrWAPitt 

PCP sfefiLtJS£J3i5j;-&£W. NP m pcp M WftK® (»A#i#?6 NP- 




(^lflT?Bll.##>a^[36, 67]). i&gifcif, &^£iITO1l4 ,i !IAigJl::/L 
it, KiJ5TW^;i##m^^i^l'6]WM»iiE. 

pcp ^WSiHl^Jk 

M 9.16 1/2 (AT np M) pcp 4 1 , it 

»&iUrai*JE#T. 5, ffii 3 ^fd]BTWt#S'J#'tM 1/2 

+ (Amortized) 

(ft) *f# (W2 ^ir) 2 .tk. 3ttffift*>o, 

ft-AWJUflfcKiflttft^ffl + ffW^ilFRIft^WPCP*^ (&##M[H9p, MKW 

PCPSlJ^Affl (MaxClique) WAK ( J&AIM 9.18 

^[29]+^ 8 is), m±, tKttTMtmvL-. —# 

t&j im * »7 & g w is g & w it/1# f y w m g a st ( ip ^ ffi # tt« a M ^ * lu itr &^ m £ w 


Tte)« (SAffit 

JffigriP* “rT^SW”). «, Sufism (JB. 9.3.2.1150 T, HirWTifal5btg*W. M 
=^ji (Hp^j.tis/(x)+/(^)=/(*+>»)irt, ^±&irtt)^s^js+a^, nj 

PCPftWxd‘*fcffi#Lttft&£. 


n 


W5£j5Ci$»gSH:«ftfi&J£. Witttofi. NP^ 

itm g Efel tbiUfM^fffliEWfS. 

i-tPCPiiEflijigttK, (HR&M36 

iiE#, IMMW, = ®m&im NP £Kj PCP#ffi 

M (BP^S 9 . 16 ), ttfflTINlJ&tttotftiiE#, M, A mm. ii&tt 


® nfe 7 t 5 -:#^)titt[ 90 ]ijRmaw-®xf^. a;a.mai¥ 9 ifflttMaiibi?#x«t. ®)«@fKji**omia*#% 3 ttt[ 90 ]'i j 2.4.4 v. 
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■ s ~ . : yJ6 


wxfMim 


w^ijF.#t h-m, a r- &,+, 3 & a m a a m pi +;l ta % a m m pcpm 

#lflj§, (^'P^±^0.5 + f , 

Aft*s>o), 5/8 (bke*>. 

pcp #—st #j w a a a w 1+1 - a $1 m h ti Hi , ® 

®BT& y M^ia, “mmn.” apcp^TMtsw. b*pwaat 

Hinffliwi-^pcpM^tfMg^s, ( 1 ^ 0 ^ 




<#-«$) pcp IAA ( Bntjiz 

R A® ) 

9.3.4.2 NP 34M3SK) PCP W&L 

mm pcp 9 . 3.3 a a 10 . 1 . 1.2 to, 

fSA&MMffiM&mJl^'ilAaM «±, 

A^^iAwa, ^msEm^nmRm-^mmrnM^^mtmwjMko amam 
* gpcp^a^Ji?sM*, immm\'mmtU'p, w^'mxix” a 

£319.23 (£i| 9.16 A) .A!PA{A&llAS^WAMMttg5&®> (fM 

Ng^S, PCP 3f^ Ko sa—^±ik, S NP-uE^hTTEA 

9.3.2H^Bf|if7£It “m—&” (^J^I9.16M). Hlft, £il 9.23 

Wif^MT-ii^T-^W^iiHntrB], WA^AWMAl’a] kffiT-M 

A S)o 7£uEl$£g 9.23 A, MS'J, ^F S 3SAT AHPJW CNF 7AW 

9.3.2.2 TftMlMiilE# Fnj*-?AfftfB]p«g$mo V£_h, A v M gii^A( C 0 

A) i£A&7F$IA^5£0 9.3.2.2A4 1 , M$(ftAn]f*ji+l¥<z>$t 

M*£7 (IS A At A it % A m A1 4>\ M AA) . isE m 0 lA - A ^ M A A: AAAA 17 lA A it, S: 

DcMT^S 9.23 WAAA—AiO, #EASS 9.30, 

ifiM PCP 

MM, 7 PCP-M (AfI:.sAAffi7l^) gWMMiHiEAfn] (® 

^jix^^MiirAfc^g^'iataf0])o mw, 

3yfc7rsWhlM)o jfcA. fKjiS&A (WAM^fSilE 

$). s mha (#M?5^rmiE0A)o nm &. 

iWMBtfa], Fj|^Si>Atfc1#WJtSEttN tJASAil# (PCP) 

imwismMmjj®, (^i^-- > Mi?»s>o). 


AftAxeS, #£—A#S*\, £A#^£A*lP>r, 


sANA, ft: 


c & 


-|3 

3<L o 


(D j&Fffi&'tA ^/Ll" i&fcyifafafcHT&y*/ ^WoUtt. I&4 1 #T'i!ra#%fr&j£i:fS 
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if! 9 


m. 


Wa Stt: x (BP5ft{i,#7e{0,l} W flS , x-%.*•'2g/l> 

Wff|x|7fcMt70) ^£#7 x Jiff MBfeTtfirfaHt. #1* K (UMd> 1/2 W 

I$!l. 

#L3S PCP, (V£±. 93.2.2 

UtB^tMTififiPCP, &7$t&l£^7 10.1.2 W#y£lRlSMft*&]K*). 

M^th, #»ifiifnifij9fjaw&^35i^—*t 

PCPo 9.23 (jEnTJ&7Al»S9.30)o 

93.4.3 imintim pcp 

Siiy^A, PsW£7-Wmmm, BPM#f$ffl7M7l$fm. MI 

It” i£lUfc{f]$ttil, PCP£S (sK£S9.23) Mi&tmim&'h ® 

£J1 9.24 (^1 9.16 (fl^D 4 /(•) ASMlUt, $S5L n<t(n) < 2 poly( " ) , UIU 

^■nME(0cyCP(O(log/),O(l)). 

0H;{t7r(fl) = poly(»i)-2' (,,) , A PCP(m)c 1V t1me (/) . @jtk, A TIME H& 7 II^ 7 


^ m & 


JAL##ii^c[90]^ 2 . 6.2 Ur. 

Goldwasser, Micali *11 Rackotf 1091 

4tft7£A;3MM. S^Mmxf|;M77A7-m7^»W£AAM (BP^fci 
iKiEPS). fa##3t^[l09]^57^*5SS^iEBJlW^fck NP-M MMA. ftifftti 

[109]767Xf£, Babai |lx| :iSA X^AAilP^fKl:!?}— f+7it,ftA'/£> Arthur-Merlin 

AUA&X#. Arthur-Merlin ii^-#^Pg^&<J3£S^iEBJ, 

(JE#%jfciW[lll]). Jnjl*£i6 (BP JXM( 2/)c JXM(/)) 
Ai7##»[23] (^##ifi^[18] + If70<J^iiS). 

X 7 X A A ilEPJ-jffllJjfj h i;, Goldreich, Micali Wigderson in lB [I00, » 

^4’^Hi7fflW0^N@P<J^S^iEB|^ ($ji£9.3). 111ft, IMHtil 7#*BiRiiE0J 

MfflttAArg&ffl: Jtj JVy+ffiiK^iPMftiSXS 

AMiRMflXpl® (XS 9.11). &7*£7 M 7'75'}AAfti&it7717M ( E#% 


£M[101]). Pft^C 7ffi-7i^te7^^vRiIBj]^.^^fi!5^: 1 4 J |'l < jmfflo X3I9.12 (BP ZX = 
IT) KiJAS7##3t®tt32, 130]. 

(PCP) &^£AA 

iiEHfjffa—ftlfiA, 7 Ben-Ch\ Goldwasser, Kilian |P Wigderson SltH 1331 . A @ #£P 

iRWfcJK, l#I§, *f A!PaiA77^M7fflxittfiSW^iI0J##^(RiI0flo ^#g?W 

mm, m%MiT, 


® ft.t: £58 9.23 irjiiEHt3Mlg'4'. ^iiWraJtiilAK/SlW-f#. Jg NP-iEffik:*^ Jl5£-5tt«St. 
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iir/u^fi 


E. Lund. 

Fortnow, Karloff Nisan 'j|A' lh A Itkii JilH^I&yjTAuHBJ] .f ^ Jill jA Aid)® (5f-P/F_hJt; ? #p ) 

Bfijg, Shamir [202I f!]Jf ii^SAiiEBJJT IT=TSTJACT, M Babai. Fortnow *P Lund [2l] 
&fiJffliKA&iIEHJ7 MIT=NEXT (MA;£S 9.4 MiiHHj]M®[202])„ 
ti££l Babai. Fortnow jfD Lund [21| JlHi 0<j£iE0J3#iEWSMfc ( BFL 

£ .l-7ailtl7 BFL NEXT 
“ W\ 7 ” S'J JVP. Babai. Fortnow. Leven ftl 

Szegedy[20]Jl;“£fl, Feige. Goldwasser. Lovasz ^P Safra[73]^^ Ifi. 

MU Hi 7-^^14^1^111^ (*gg££SeJVPM*&AM) NP-M&7AA 

nrWt&iiEWaiBiiE® (ft iE To 53)5 ®r § to 7 f$ ft), M to A ft R A (MA) fcA 

I'll] (iittM) 7uJ&, Babai ^A [201 ®^7itPJ]iEHi]W^P7f7ffl, Iffit, nTfflAtfe 
+0R, £ Feige ^A |73 ' 741 ^, l fitoiMAAAA, 7)til:A 7AAAto. RWWAPftto 

c*^) iiSA (£#%» 

[80]77A), (J&£A 9.14). Hilt, 

BFL &WJ£M m] *!\>in§jMm%vEW NEXT = TCT{ poly, poly), ft Feige ^ A toM I74 HiE 
$7 MPz?CP(f, f), ^7 1 /(«) = 0(log«-loglog«) mmfe*. Babai ^AtoH7 

lief 7 JVTc PCP(log, polylog))o 

gJA Feige f AWlff 173, (to*Affl 

HJB. MaxClique) toM'&AJS, ATOSPrM&tt^^r£A®. SflUB* Feige 

Mto pcp(&np-^^^w pcp M#toB§in,Mt&jim*. 

AffSiJ 

■APUm PCP(., .)A@^77N^-^Mm]#W#tEo-^Hf]SWM I ®^iIHJ] m>m 7 PCPOog, 
log). AAftlSS AroralP Safra [l6, i&?&o 7 NP=TCT{\og,q), #7 q(n) = o(logn) . 

Efe7frto ft £, BP mi fuftg&JK-#5JiJ 

zk%* j£7§rtoftHIS Arora. Lund. Motwani. Sudan |P Szegedy Mi7 [,5] , T^pT^AA PCP 
W&feM, NP=TCT( log, 0(1)). 

M±, PCP#tE^a^-^?iJ^Ml]7 (,5 - 16 ' 20 ' 21 - 74 - ,62) W^^o i£®If£*ft#7A* 
6'JfrM (toA SAT to 7ft A Aft, \Zk&&ftMj£tftvEW&&'), A^fflA^ft'AltoSA (to 

IHlftA PCP ^SJiitouEBSfi < jMj^(9.3.2.1 TiAP 9.3.2.2 7D^7#%5;®([15, 16]o®9.3.2.3 
W^0to53—ftuEBJ:A&& Dinur^tB 1671 . 

mi&i&m&ww (9.3.4.n5r4'^tti7^) 7 1 , 

MSA. ftSAfrMAAI 11851 . (Long-Code) W^ffl' 291 , WAiiltMAffMBt5> 
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JTs V >7. flt 4'iii:i«J mk 


" 71 o mn&mMT pcp (ja#%ii«[35,68]). 

% 7*t .7V!P^#£;rc#W#£nv t U'k$; (). Brassard, Chaum ftl Crepeau ^ 

/l+Je, Kilian |1451 ll^7i^^^^E#^niRiiE^^^Wffl3i. teiIEBJ]7> 

ft®.* ®wasM. bp m^^pcp^j), &+ 

f(n) = poly(logrt) o Micali 11651 ^m7^-#^MMit@:^-SWffi0i3^^ (fllffc* CS- 

ffiBJ). 

2 mm iTteAo + MB 

^7(^K^fe1^.±ikJIS!j)#%3ti«c[90]7'WA*;^:Srt^oaE: tff]4#^ii[90]+ 2.4.4 

M^#nr^jAL#^iif([35, 36, 67] + *]- PCP ixJMffjffill, 19] + *t±9#MM 

mum, #%»90]+ 2.6.3 TOfiJW/L+^JFMISt!lB#5iJ7)lf^. 

M#7mjE##£i$[25, l72]+A+9*PiHlttMtt*£i&o 


jH 


9.1 () *niEHj]i^(p,K) w t 

5. /+I 1 JA. /#;6M74 , > /#; 

A- fi^+it^Wi£0i]#f7t^®7^MgyAWmtT«S^i7^+I'JA+&<]tTAo ifWn 

(MM) 


jtb, MiftM (£'3H4&#+to> fgiHW 

n^: &%&£, nvmm-mmmM, mts, mft 

m+-#. mt}m^A$.%mj% (^xmm^mMc.i^mr-nMmim)^ 

9.2 iIRJM^5 6TW Karp-!)3^jSiJ JA+-+ftl7, W\ Se IT. ffiBEfrlH S' f>m Cook-jQ 
gjMMSs’, y£?#s'in{o,i}*\s'M+ /p. my 5 e IT. 

9.3 ftj&coMPzITtovEWm^ (BP^ii9.4 ffi0jywfi-^^)o !|#9Jife, 

n +Mfp m CNF iS^, JttyjR^Hi1=T 

9.4 ftjt^RlSIJ£ttfi<j$i:^TiEWJg^E, f iAW n CNF jR^FEtfr 

«/o(iog«) 

^ 05 t^a 9.4 WffiBj] cn-gp#), ^rft^ty^—lfe+Wo(iog«)»:^fli. 

9.5 (#t mm 9.4 ( 9 . 5 ) 

tm wmm. 

n^: m cnf ^m^nmn^vcWL^o 7 ^xv^vz^m 
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iWIMItM 


%i <x+ {i- y ) +z ), mm#^^(i-((i-x)-7-(i-z)))o cnf m 

o-mfl, l (WMrtlEM). 

9.6 M QBF (#IEPJW) ®QBF, ^ + 

^ ^ St tii mit £ iite tii mi3E^ii« 

tl^: OA&fafc igfrM) “M§r” OT. 

-$■ </> (x,, x 2 ,• • •, x s , y, x 1+1 , x s+2 , • • •, x sH ) % ^Swl > S.4 - Q stl , Q ,+2 > * ’ •» Q s+ , %) ^ £KJ m isj 

^ijo mmAitjsM (T) 

Vyfis+l-^j+l ’ ‘ 'Qs+i X x+i 0 { X \ »-* 2 »’ ”>•**+! »^.c+ 2 »"" > *s+/ ) 

H&W (T) 

Vy3x[—3x' s [(a; =1 ( X ; =x, ))a 0 v+1 x j+1 • • • g s+ ,x t+ >(x,\,• • •,<, y, x„,,x J+2 ,• • •,x I+ ,)] 

>i;a: Wait'd 3 . 3£il x ] ,x 2 ,---,x s Q s+{ fKjWii. 

-Hs ® 

L = poly (log M) o W7EIXI \L,2L\, vE^M fnlffiffiZni'kf&iLo 

4-a*6e[0,M], ft HI *9*4 

def , 

^511. M Q = n„, P.^Mi a = b (mod Q) W a,b e [0, M] MiS, W W#S'J a = 6), 

MW?<log,Mo ftffljKjBcMWfcSTK. HFrsffiiEo 

9.8 (S##M[78]oTft1)) ^J2r(/)&jj^W>Ri&f&« 

5?XSW?HJi..S»A/(|x|). JM*±t!i, §?i&- 
“M-” (MM l) 

“^” 1/3 cm# 1 / 2)0 mm, 4 -jw /r &j&nm 

(1) F.2 ffimfe^vEW S?”(f)cJlW(f + 3) , K + ffiS '%T IT(f)cAM 

(/+ 3 ), 

(2) *t£36.9 GWJMitWdtr. JW/'(/)c JW(/ + 1), £3. 6.9 SW/dt 

^BUluEET SPPc 7LM(1) (&4 1 ‘BTT=AM'(0 ) ). 

ftJBf&flniSJfcS (BPSSF.3) 3ft-ffi*g»/:N->N\{l}, ^ 72>'(f) = JLM 

(f) = ir(f) • 




n 


. f7&ffi# f £ '5 W&-7^SI'f/J 


kk 'BTT3\ MJA = 7l3f(l)ltt»Mo it-^Wan?JE##Jt^[82] 


® MWsSG2. 

Willi. 3 Z|Vz, 3 z,Vz j 32 ;Vz,>(z 1 > z,,z ) ,z < ,z 5 ,2 < ,) . it iftft-tft >1 3z,Vz 2 3z;[(z| = z,) a 3z 3 Vz 4 3z s Vz fi ^(z l ',z 2> Zj,z 4 ,z 5 ,z 6 )] MlH (lit 
3 z,vz'3z;[(z; = z,)a3z;vz;3z;vz;«i(z;.z;,z;,z;,z;,z;)] ) sm«*j 3z,vz;3z; [( z\ = z,) a az^ziaz.-Bz^ni a,/,(z;=z,)ja 3z;vz;«> 
(zf, Z 2 , z 3 *,z;,z;,z;)]] Hilt. 
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9.9 9 . 8 , f = 1 ), W IT\f) = IP{f ). 

±5£ : iiEI^ /^'(l)^ 7F(l) ’ 6.12 V±EilJ. >JM 6.12 4 s 

^2^(1) ^^'(0 ^—SStl^J. BP MJA = IT{\)Sl J¥J? <2) = IP '(\). 

9.10 ilERj^iM TSTJACT-^t^M S WMitRfWfiJ 

|u] 5 (ftM^£ M itR't| h]F illFT#1 'AIH° 

^IJffl^Jl9.4fUl^M9.5o 

9.11 (S##i^[39]nr^q ))—• 

Wits#. 

(1) *HijSx, WPr[c n (x) = l] = l, g-4 3 mm) MC f 
C)ttT $ifuA;c iftlittio 

(2) )tfftMy£/(.v)*n(;t)fft/:{0,l}' {0,1} &.x, WPr[c / (^) = l]^l/2o 

&;t: ^ /(jc) = n(;t) {I/*n Bt, ffi RJ! & JH S, ={x:n(x) = l} *P 

s 0 = {x:n(x)=o} 

fffl, WJntf-'N&S-fto #iJJfi>J^9.io^5iJ^^, fl- ,e; TSTJACT- % ± H ^ #p W # . 

def 

= /(*), £&Msn(*) = <r 

9.12 ( (M#%:£$K[133])) iiERFjM#lJ£ |HJ gg n AW 

*&g# (®jJCJa^l^9.ii), KiJ#ft«f£v£A i^yTWtM-: 

(1) 4 H?#ij5£|pliSn (Bp *f'flics. fPr[4(x) = n(x)]^2/3 ). 

(2) *MlM£iJ£MgIn A', />, <£tf *M1 Ic X, W 

(x) = p(|^|) • {t A . (*')}, cgc^/^z) (s£^. (z) ) (sKA) X>tTliu A z fftil'H 

d^iS( = 

i±*s 3§&il 2.33 Flit, &m*tA*ffittlft$T§3m M, ^-OT, 'SnHUfiifflT 

M^= fjffl3ta2.33 wffi^issi, &mm, 

9.13 ( ) M&iJil s ^W£#£-S (BP-kSttigM 

% 0) 

£ft£A.A W & TRUE m^Mr JUIJ 5 € 'BTT, 

m.7F-. "sum® mm) skwi. «snT#m, *m&a 

*, 3£$£H3£jt SlUX^i ('f$^iiH#^'SA^ttffilA x fft3£Sl) 

4 'Mil. <ftfitJ&, 

9.14 ( *»iRffi§H + &EWflU8 ) M&m 5 ^W-^M^fWXSjS^fclTKiiE 
MiJSeSyP, 

H*: (M£) M#Mfft#&. 

M»$h %fg-^Jfv£, JffiAx, #PJ m <- M'(x ), #«|ft-|&iE#Jft^«»A x |flM M 
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ii-rm/Mt 


»»WSftiiE#l»#l*S[o 

9.15 ( PCP^WfflW&KJt ) mx FfcJIWtffllnlfi^JS q Mf/LMM r W PCP ^ 

iiE^-o M Ftt^ftfcilJgMStJAjc. (#fSi'J rW^fW"TtB 


WrtaPBfitfl *kUR VW&3 JStiff±PS^2 ,(w)+r(H) = MM 

piij^±mBrw^i^M2 r(W) - 9 (|x|) o 

9.16 (PCP ftftttfittttt) 5 MINIMA <? M PCP, £4M£fflK2i / 


MMMo ffiiJIiJtfffiftllMfcs >0, &-£sJMT “#-M” PCP, q, £- 

fI'tti^M^0.5 + f , r, ril£r(«)=log 2 (/(«) + «)+ 0(1) . SI SM 

ihH* 

til 7Ts: ^jif^^lftPCPM# V, r y , 

ffi#F', « iftiitA, ffSiJ^0((/(«) + «)/f 2 )^^mft < ]^/?„E{O,l}' v( ' ,) ^^^iX, 

Fo ^ilE#F'^JUIS4 3 »TS. 

(Pf^P^^: £p A^'EESSlffifAxg.S , tl-S-ft®— ''i'ffl ef n e {0,1}^ , R n (.M^ 

A^Ttm^iSO % “if” H£-fl«Mft$U:PS. “if” W- M F 

», Mmo.S + sm^Xo) 

9.17 (^w®#pcpmh^wi:^) s q 

r S<] PCP. iiEBj5PjWffl-^fil^«^lJ^®, W^^iA, M£mi7 2 r( "> •<?(«) 7 

R&mjj i r(n) -voxy^ttBrnn,* t# 

git, SeAW(2 r poly)n0 TIME (2 2r,+r - polyj. 

^^7iuAxe5 Aiti£#^m-m±^7nT^Wft^e{0,l} r(H) , #*g-7il < 7 (|x|) 

fi>e{0,l}' (w) , MM). 

9.18 ( FGLSS- !I3 M 1741 ) *f ft .a S e TCT(r,q) , 5 ft £ 0J flj $b & & 

(Independent Set) ftJ5$ttlffi)Bfeli. £01 xttSMtfcfflG, ={V X ,E X ) , gft F t c {0,l} r(W)+v(H) & 
—(a>, a) <&/&, ft ft PCP ffl Iffitit tife co € {0,1} r(w) , ft ift f ij&g a = a,a 2 • • • a q(H) 

(ft#* §M) Ax. &M: 

tiT, liM, £Pft#ftzft/\ ffi# 

or, * a\ ft q* (v) = q* (v') , PI'J^ A v = {co,a x a 2 ■■■a q{ fl) j A v' = [co',a[a' 1 •••a^ ) Z.lXlfti&ftft> 


£+*,» a£<?;(v')) ^M##7i uAx 


i 7 (a 




) iiO l°J, RftftjtJMKftl 

(H) 


%L%] co (g 5 c<y'), ftiBlflJM/S^ j *3 a,^ •••a,_ ] (^a,'a 2 •••a,'_i )o #ft:iK<y e { 0 ,lp r ‘A. 


® ll-il£«j£XJ)ti 4 . 2 .l .3 ft. 
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't, <> 


a* a', iJUW:(co,a),(ct),a')e V x , {50 {(a>,a), (co,a')\& E x <> 

(1) iffHJ] ft x i-» G x njft 2' ll<l)+ " ,|r|) -|x| fa] F*3 if: 

(ft*: G x 2 r(|x|)+/(w) , f q PCP &iff#&<j g E±) ttHIM.) 

(2) iffns^tftlc x, 

(3) rattn* X 6 5, RIJ G x 2 r(W) mk±L$ko 

(4) iff. HJ] frl ^ x g 5 , RijG JC 0<J^^^^MtI^3l2 r(HH o 

—Jjft# PCP i&iff#i2f£ V, iffHJ] G x Mm.J:%k±L$kMWkfe%] 2 r(W) • max, [?v\v" (x) = l]j (ft 
M: 2.25 iff 

ffiffipcp^aa-d-T^M^fflrtis^iurffl+flk^ai:^ mm) win np- 

ISztfft. 


iH/H: ft®!: G, ft 




aMBSWnt, Mx, FGLSS-M&5 (^Wt^itPCP) M £#ij 
m 2 Wiio MIff&PCP 3 m&, £n 

9.19 fIjffl 53 Jg 9.18 toM, iff m 7t ffift f («) = o(log n) , $PJg .WPc 2>C3U /) , KU ?^:WP. 

C|j FGLSS-!i3^J$J 5 € TCT(t, 

fMn&ELtftSITSJ “MIS” 7iM7 TCT{t, Zjftfpj 

@w—ft-M FGLSS-!g^ji5ft7£JKiW|W|, 2 2,( ' ,) << « 0<J%#iJ„ M. 

rfff. NP^TCT(t,t)tf]fti i£H#7 FGLSS-!l3^l^fflW^#'J®felt^;|s]—faHWM*S3fe0!l. 0jfc. 
MM FGLSS-M, SE#SlJ7ISPJWH^W 

j&tt, lAm MP=Tm$. (*aw 

9.20 ( *t BLR G ft H, ^MJA G M H 

MM. (#il) M/, (sRI^tt) 8Ji£, W#r,seG, 

■#&M^W/(r) + /(s) = /(r + s). ^S(f)^f^ (GHJ//W) BP <?(/) 

®^fW^lfc*rA:G->H+«^Pr MO [/(x)^A(x)]W*/jN«. jfilffl tUTH**. iff HJ] $iM ft 

]gSft/MftE*. ifi#*(/), Mft^3J(/)-65(/) 2 o 

( 1 )'®^i h f (BP <5(/) = Pr, eG [/(x) g //(jc)] )» iff H|] £■(/) = Pr t vEC [/(x) + 

/(y) */(* + j)] fftTJ?-;^ 

3 • p L,.v [/(*) 56 H x ) A /(>0 = M.y) A /(*+>') = M* + y)] 

c»^: ^/(*) + /(;>) */(* + >>) 0ft #jS4*N‘tB11li»fttt3*|' (^ : ff/(x)=/i(x), f(y)= 

h(y), \ckRf(x + y)=h(x + y))), 'A 3 *M*i»3tfjS2# h %/tftfftft 3 

( 2 > iff PH p r xo , [/(a:) * /?(x) a f(y) = h(y) a f(x + y) = h(x + >>)] ^ 5(f) - 2 8(f) 2 

P L., [/(*)**(*)]“ 


( Pr t..v [/(*) * h( x ) A f(y)* *00] + ?r xy [/(x) *h(x)^f(x + y)*h(x + ^)]) 


) 
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yft £ (f)^is(f)-65(f) 2 m8{f)mmm» m.-pm, ^ 

£(/)^l/20t, x^T^-M^MXo Hilt, S 8(f)^&P (3ZXP) 1/2 Bt, Wi^Pj—PP ft, 

JAL >J SS 9.21 <» 

9.21 ( Xt BLR (JAL##3t^[140]» &3JS 9.20, jtllfffl 

$EWe(f)^mm(\/6,8(f)/2). ± ; 3?#fS *(/) < 1/6 (fitftM, 


^^M2ff(/)-«i£W Okms(f)^S(f)/ 2) 




def , 

Hifc ( SP ^(x) = arg max VeH {\y e G : <t>y(x) = v|} ) „ 

mmte m * e g , w Pr v [<t> y (*)=*(*)] ^ 1 - ie{f ). 

iafc x, tin^/(>>,)+/(>> 2 -.y,) = /(.y 2 ) J. 

/(* + >',) + /(_y 2 ->>,) = /(jc + y 2 ) o x, —'t'B®in.>ft(>>,,>> 2 ) 

l-2*(/). = + 

(2) iZERfl x,y e G . W^(*) + <z>(,y) = 0>(.x: + .y) » 

def 

fjffl—p I>y = Vr r z G \j>(x) + <f>(y) = <l>{x + y)\mR<l>{x) + <l>(y) = 
<j>(x + y)j&AL, %r ffi p x v < 1 (M,M^(x) + ^(>’)?i^(A: + j') lIE <y < 1 Ht, oTtl 

5fcuE 

^(x)^/(x + r)-/(r) 

p x ,y ^ p t v ^(.v) * f { r )—f { r —y) 

y<p(x + y)*f{x + r)-f{r-y) J 

#f'JTO-iS 4-it (9.10) +^*#££W#l*±#fA2e(/)<i/3. 

(3) 

PtfAnJiTF: 4" R = |jc e G : Pr ieC [/(x) * (f> y (x)] $= 1 /2{■ , tjT.PJ f(/) 5= (l/2)-(|Z?|/|G|) o '/iH: 

tO$kx€G\B, PJ/(x) = <2>(x) o 

9.22 4-Af*OF(p)±#^W«x»je|St, iiE0jPr rf ,[r T Ms^o]^ 

(l - p ~') > ^4 I r (gK s) ;^|Sfi#l£ltj m (aK w £f=) $cJ|o 

$1^: M^Hv^O", mi) Pr s [v T s = oj = p~' , M Wife* k Bt, Pr, [r T M = 0”] = p* . 

9.23 (ffljftjSBiS (£###F§K[195]nJ*n)) Xt^fS# F, && m * < |F| - 1 , 

i$p mJ , f faXMftMMXimT 

&&(x + i-y) 

V //=0,1, -rf+l 


(9.10) 
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#<»£: flit-t> ill IU] 




JeUXS or,/(x + i• y'j = 0 It-4 1 a, = (-1) • 


t 


d +1 


toffiMto(E0%£M 


v 


[195]), feP mJ '^M.'R^M / f£Mx,yeF m , W Xi=o a ‘^( x + i ' y ) = 0 ° 

*(/) = mir W m ., { Pr ; eF * [/(*) * *(*)]} ° 

(2) HESSES 9.21, iJHBJ]f(/)^min((^ + 2)' 2 ,J(/))/2, f(/) 

feX</> y (x) = Y/,H a if( x+i 'y)’ [/M^M] 0 mu 

f(x + i‘y}* g[x + i-, ^‘t 1 g e P md 

^^(xj = argmax ve/r jll^G Z 7 "’= v| | , 9.21 3 ^/i^SSL #ij 

*U, ilWfftxer, ^Pr- 6Fm [^p) = ^p)]^l-2(rf + l).^(/)o 

(t*: ffi^ Pr ^ eF -[^;( ;c ) = ^( JC )]^ 1 - 2 ( t/ + , )- f (/)» ) flJ 

9.24 ( 3SAT ffl % M ^ $ M tf) CSP) ii£HJ] 3SAT rHQ^^ gapCSP j. ,A '"’ 7} , H4 1 
r(m) = Vm, gapCSP ft«15^JSCJ3EL^JSC 9.18. &—&&, vEW'mm gapCSP $m WMUM 

A^-K«wtttta*S[. 

3SAT #{8S#Wa. 

. J&3S9.18 + 

9.25 CSP) 9.24 ffl&, M*M£IiIE@!S[ r :N -^(0,1], 

gapCSP[ w > 

# gapCSPj. 0,1) 2SAT „ 

9.26 iEBJ KlffttPl^lMSoO, gapCSPf JS3 1 PCJ^log, 0(1)). 

JItp: #J®—CSP mm(G,0) iu f+Wt 

ttimm o tefitJiift, a : P -> E , ®g«fpT(v,/)0<]^^a(v)-7t^ 

ibkWo -tlftfiE#, i^MG4>-&ii(«,v), #5#»jyWffiW&£ra(«)*n 

a(v), ^iE#^^tHlog 2 |2’|^^|p|, c 

mm. 

9.27 14, M gapCSP r nT!l3^SiJg^, 0t*&M 


® W F«^ x„.v 2 6 F" . «•«. <^(x) = y ^, 'g./(x+i,-V,), 

«l^(Kl«t*Mi>® l-(rf-l) c(/). 
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il T/U4VH: 


(G,0) !I3&1%1 (G l ,<t > l ). \mG,%-A'd-i Fjyr^S, J. vlt(G„<Zi) = 6>(vlt(G,<Z>))o 
±4, ^^|g, =0(|G|)|, ffoG, 

£Mm £&#. (BM(cT,r) = l^^tt^CT = r ) > h 

cantor**) au§. 3-iEi'jr^ffl 

+ ip^lfftff.rer, w^(ff,r) = l). SJS. 

*« > NSj£M'H#;[iu-&gJf AM#fiJ—d-IEMI®» M& 

9.28 ( g |fctM#£jfej£** ) a®: KW coK.y 

PCPo m—j&H k, 53S 9.17 ^-g-TRW T PCP 




><js 


fe: #fg$ FGLSS-fiMffl^—PCP W 


.a. 

n o 


( 2 > ns., ii 0 j#[s]^HiaiM^g*i:b#g^jg^#e<] tct Mm mxasttWBStt, 

9.29 ( g * tfclf 1 ) 9.28, ilEHJLRW T ^^^MWlUW&R g & 

i w pcp Mm« 

FGLSS-MjSffli^WgStfcltM&J^ 1 r W PCP 

poly(2 r )|ft 2CNF M, JE^I^2.22o 

9.30 (fiEI8Jfea9.23) ^Jffl(JJlTll^iiE^j£a9.23. 4-SeJV!?, #JEg * 5 £| 3SAT fcj 

3CNF la^; (BIJlflRlfl 2.21 jfBjfeS 2.22 '&UMK) 3CNF f£ 

x [ft “5I!tt»cA’\ ## 9.3.2.2 

WHttiW 3CNF 

(BP 5k<P $6uA-|£|Sift:£J$!i£, M^ WfffliA-felx^jo(log|^|))» f#i!j£pi'fc, iftf[£i!ft 


x 2 rtit^o a^flj, RfltijE0R'a^<2> 


§Kl^ (9.3.2.2 IW'tife 


a) <&m—'Ns&^jkso. 

aic: *^s2.2i iEw+wi&w^ajia-aw. #»j±fe, 

£JEjO WflllfiSa 
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ID $ 


# # % in x A a a i§] A , ft r *yt -F*H*rat 0 

-ffc • 4Jt», 


stow#*. M#£nrnM&o aciaiHW^ffi: -a®, 

£TO®, Mm&Vb^vIMo ®&jfc, 

(miffiffl)o 

0 *. r«»Awwji¥#i. “^m& n mum (ato^p® 

mmm mm* %m, “&®mi&” m?mMs®mtt%.x. £*ij£®n+. s*i* 

(fc^P*fc/§r«l«£jSiC+) imM “&” &m. 

jf>LM%&}ft%' ® “To” 

mmm-. 10.1 Tnmn-wmmmmik, &tsmm (mmt) i ' pjm ® m , &&m&. 

^J£P98 ^SIJJE 10.1 HR 10.1.2 Ho 10.2 Wi63l—& 

n4f£¥#/A3M#?a-fi&J®. 10.1 1Sj&flLt4H87##®fft 

(TOM*) io .2 


10.1 jfi 




i£ 114/§~“ 7411(=l#$lKJtS;^. tilffl : TO / ft!2,^#4 c l 3 o (® 

lm W7 4Oin”),flS^tt±tkSa^|plM04ifetb^^ffl(®“- y N?5^*#Mfl4lE^ifi^”)o 
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ilftU&t'l: 

-mfwnx, mm&rt 

JfepilJBWftefe. Mi 6.2.2 Tj) 


:iS#l5£Wi+(*2fe±, MBMiiJT^if 


viv 


-^#W3ai&J£&StJ£Bli®&ffl. £Mtt t, JE1KNStMBl&ttMSE^±®tt. &— 

. &®#a f j #m g $ wa u hjs (*n btie m tE it n ± Mwt w me h £ > «&8 # ■ftw 
^ishs^n®. £#£iimT, Mras$stMBi&M®$& (“*!$”) 

ixvmKtt “mmmm” wjfi<!sug@jFPM^*«- u n^m" wie^ra®. %-mm 

; 0rm (Mim®) (^n®> ^wsjmss^. ® 

fctfP “g” $#J12 §&&je (WaiMfci&M&fcl-^ “£” &08lg»&ia>. 

WJ.a^^tBiiE^( l& T - £ #J *h )o 
+ +-Ik * i/e ii 0J 0 


10.1.1 asRsdcttit 

2.2.2 uttsd, w^a*Na^asi—awfflw 




), mmu 


IX “ iiH” (sR “tttfT) “-fit” (mK “tttff”). ffi&Wlfifel 

WT#1. 

atmai. mnxmnmm^iM.m±immm . (###&£*r 

®!&/:{o,i}*x{o,i}’->r, (^ W) •¥= Bpgfr^x (ii£/?(;c)*<z>). £ 

* e*(x)fc#/(*,;?) = v,, St / ( x ,y) / e «(,) tflfiiiM. AM*, R 

xtc, **-#*&, *, ft&mxz*nx/. 

1£l#/?(x) = {0,l}' (w) (ML>JH2.8)o ®@j)fc, ±J^ttifcfpl®flT!JJl®»f»i6*a®fBl 


OAE X: 


^ .y \$L% /(x,y) = v x ’ K4 1 v x = max 


(ojj^W) 


{/(*>/)} 


© fil&. *i J aPKWittfttl‘ i ]itI#Jf ! r : l£ ; tiri4ftW3t£l. Mill. #-*i jJClW[56] r t 1 X i fsfeTiJ^l^i’iiJJg (Constrain! Satisfaction Problems) 

<Wi£feus*) mf 

© SKWSAT. ii#K®J^«©±iliS®JWWW “ittfeT BtWiWWRSJ. 

® S'M1BHJi*(7:*rffi. si»iltftWlHffl«K(fti!fi»*5p. (BP& 

«*wiwynr«»w*i -'htf (x, y ) . ro*t*w*n mwmti 
Mitt. ±i£31®iifc7*fll¥WS»*5NSW. 

© $il, ittB-!ifi»/WiR<6L'£-^|W|Wtte©■!:«««#¥ (BP f(x.y) x3E^>. 
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$ jo % 


y, &&/(x.y)&v x /g(x). 0%±, <bp 

g' :N —> {/• e R,r ^ 1} , W g(x) = g'(|jr|) )» Tffl A ] $iw 5ti 

[5te4^7K #(S±tfc> g %° 

£ X 10.1 ( g- 0 T ifi U ) 4 /: {0,1}* x {0,1}' —> R , /: N -» N VX R 

g : {0,1}’ —> {r e R: r -> 1} » 

M /(^T /) g-S^i£1K*»a^fRlJB R. ffifc 

/? W={> ,e { 0 ’i}' (H) ; /(*.>0^V2(*)} > v x = max ye{0J) *(H) {/(*»/)} • 

*<l'{tjR*« M /(AT- /) **'h4tnt, g-HTM^MflgS /?. m& 

R(x) = {ye {0,1}' (H) : f(x,y) < g(x) -c,} , c x = min^^ {/(*,/)} . 

i±M: *tTAM NP-^£tftffc|5ia. 10 . 1.1 Tf 

TMiiJTT&#rM'JTo ffiS, NP-^£tttti5|jK, *fMMT:i+J¥ 

±WTffi&ffitt;fcia. 10.1.1.2 + (Gap 

Problem), &£—(£l£§«SMto) MNH, (iSfeD Stl«lIMS. 

10.1.1.1 /I'MESS#!!-? 

ftB 10.2 (IliiSiM) 2 ffiHfiflSO Tffl G = (K,£), 

Wim4J-Tl3l6«M, £»!*£/; g 2 f&. 

&*: * it T M S MMifi U%fk #7fig#10 K#Ir ]S (BPiiT® 7iD 

&-nis+s-^Mawatt*? ($a*'Mi£M) t>m#fij£*M5ia 

v£wm^: &M%m g=(v,e) 

MAM, wmce%-' Mffise, tji 

-ism, £-/r®, gt , £hti£mmmii-m4 i 

Z'W&m&o □ 

3-^7 

(Traveling Salesman Problem, TSP) 

wm&, ft A £ 7*2a ft W*(ftitfeim ft o af^ili'^'M^linllTWilS (JAL7) 

gg 10.1), OAfflfnTW$1141^3iff 

£n io.3 w ##.tsp mw 

(1) ^TSP^«i4«WKW#s>£=^^ja:»t, *i^i.5Wi 

(2) M{T^f>l, A0C/LM# TSP (Euclidean TSP, k (Jp k=2), + 

>J^ l0.2S&ttJ7«« (1) W-^HJK^, Na (2) ift#^m£E##iitK[i3]o ft 
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Ml fem 10.3 133 (l) 

hm (2> wi & m a ® ® » 0 t ji «ia u n a o 

(Polynomial-time Approximation Scheme» PTAS )» 

10.1.1.2 A'hBffll 

^-tlG = (P,£), >fc G ^fKl 

(i+|Fr')-lilTO^^:ffl^G^S^MM^o mXX, &A ^mxxxu 

MX . fflH, MPCP^il (£3 9.16), nTWiiHii^SlG = (F,£)4 3 |F| l " o(l) -lll?M*^SI 
^*G+**ffl*Sj®*Bll. (JEM 10.5) mu 

N IS (Gap Problems), iiS#fflWAW#Blli5( g,,g 2 :{0,l}* (^#3! 

jjc io.i iitg,, 

%x io.4 (/s^wsiisnjs) ^mm/tufex io.i mm, g,,g 2 :{o,i}*->R„ 
it A it )iS A : ^g|^g 2 ’ A / H A Hi M gap^ g2 IhI IS xl Jh I* {x : v x ^ g, (x)} Uj 
{x: v, < g 2 (x)}, ^ A v x = max^ oi} , (M) {f(x,y)\ . 

H A it Wi A : )Pt g, < g 2 , A / H A iM. fft gap g| g2 |r] jgj[ H |x ft (x: c x ^ g, (x)} ~j 


{x:c x >g 2 (x)} , KAc, = min 


^{o.i)'(W) 


(A***)} 


<W$n. AfflASAfflWgap gi ^ NJSJt»E^AWSe^g,(G) 

a Go itfcW, ii^ 4 g,(G)AAA®G = (F,£:)AMAt 

■XX, ffl ©(G) ^ 3^1 G t 


] G^^Itllg 2 (G) 

BPg,.(G)=g/(|F|). m 
M ffl gapClique ^ s A A lx ft 


t 7 -r L> ,' 


mm, . *y/s&® 


{G = (V,E ): ©(G) ^ Z,(|F|)} H {g = (V,£): ©(G) <s(\V\)} 

as, AftSAaraaftiFi'-^-sTiSfla. 

£3 10.5 ^lfi(iV) = iV l ' o( ' ) &i(iV) = N o(,) , gapClique Li |pJMA NP-M&A 

rassi io.5 9.i6 #&:*;{o 

WPCP^^t (JE 9.3.4.l H)o J3M 10.3 7&£S9.16 A£f#5!IM—AM3§£tfc. 

W ffl * T AW^SHsUSIIilB? MlfplIWtto 

10.6 A/, gp g 2 taXX 10.4 M, mm/ 

AftAfI (^cSAH) fttigap gi gi MISnJWiJa^AA fMXiM. (sRSAlt) Wg,/g 2 (sEg 2 /g,) - 
H^Wl'plISo 

±, ae#j, ^fft^ftisA, 

Mt®: ±IBihfcgAtt;)KA. )ftAijA x, ffl$n"F3fft#&gap„ , ftS: “X Mi it] N 

*1 ’*2 

x, ^s.ix^/(x,j)^g 2 (x)ih]-, m&x w(t^^g,(x)o 

frmtomAfrffi&xmm-ni* mix, Mv^ g| (r), mmtMMMm-xffl y, m& 
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$ 10 {'i <■} U !f-M ® $ iVj m ft 


f{x,y)>v x /(g l {x)/g 2 (x)), &Mt7 f{x,y)^g 2 {x), Mv,<g 2 (*), MMH 

4j(§gap VC y; , BP ST 1 JR/ha /SSMfPj gap^ ^ IhHeS, s f n Z. 

G = (F,£'), Wg s (G) = 5-|F| (sgg i (G) = Z,-|F|)o iftlS 10.2 (ililtfrlS 10.6) 


rfSS 5. I"l@ gapVC j 2l 




£3 10.7 *S% y t'n%ls>0RL<] , ffi&L>--s ($0 5=0.62, L =0.84), gapVC.JqJ 

3 

NP-ffl)®6<]o 

£a io.7 WuEwmTrtfeM 9.i6 —smssfea 9.16 A^m^sy— 
(JE33M 10.4)0 

*tPCP£a (£a 9.16) ($o£3. 10.5 fo£a 10.7) Affi 

Tumua^a 9.21 m pcp 3-cnf ie^ptsi 

£^M«*&S^ll$|B]jgBPnTo gapSAT 3 £j VJ] ($0£A9.20) ->hSI|»fiIjS, 

3-CNF 3-CNF MM 

PJCo fi£$£a9.2i M (UMiEJn) -^B^oWStt ;pcp 

*4i£TO3-, pTWffSiJnri^PBWSMo 

£3 10.8 it v < 1/8 , gapSAT 3 M: NP-ffl^tNUo 

%-Jjffi, gapSAT 3 8 ^ M M &? itt» 

mmmm 

±.m (a gapSAT 3 ) fflsw^i'&i$ijiiE7j£^sTW- y Mi4yp«HiRri±i^$i^^t#syo ^ 
-7^3IAMJ7fm*$oTMAM^, ^M^AGF^AM^Afllia, life 

i^nri^itk/Pi^^^wA^o &* s mm 

btm UKM£) WAfi^lo JH$0R|J^^W, gapLin^^-^MH Oftftll^0.5 ), 

M gapLin, ( H7I4TIKI (*N4I(5<1 )o 

jsy <4t#sy-ANP-ffl m m m pi n is= 

£3 10.9 tftem%'$t.£ >0, jn] IS gapLin ,_,. 0 . J+i J& NP-ffl3« 

£3 10.9 MHJS7*f£a 9.16 MlE. $f&±, PCP (NP3§(Kj) iXiXJi 

£3 10.9 MMStM: #®g>&5yMg 

MiEt^l-« £#'J (£*££fafoi§^ 

i£ rnmmti nw), o.5 - £ e-^“ ^ n m ). 

>JIS 10.5 l&tBT43£a 9.16 AJHii'JM7H§^i£o 

St It MS 

£a io.8 &£a io.9 “Hit” "fii” mm&mm, 

, &.M: gapSAT 10 gapLin *£ 


Jl 


343 






#ij In “ A ” AflAI 1 “A±fe” (Sp-f-nJoK^it;) tt W o 4 gapSAT A, 35AMPSJ 

fl (fpx^ “A” £WJ) l, HjtkKWtSc^lBJH “A” AWl) ASS# 

i(o Jf-tsAniHl 4 gapSAT A Will: 17“ it, (!A 

±3£A43tAJPS]{&Mi'ii'fe)<> 4gapLinA, lE^APSHtiS^J 1 MISoTift'^A 

3S?„ @ltk, gapLin MIA)<$i1Al1zA4?3(AWffiMAroJ{ij£Ao A-f-^itli* HAAIA ( 

tt;{S) l-s Z~t, xHiMoO, 

mm mm 

A 4 4# M A pJM:U tt4A®4 & S'JA np 1 1 Ac AHitfrA! AA#£>JMM (bR^IHO 

Ja 2.2.2 #)» Mft, MMC& 

mm (bJcHpio mm. &§a. h^wa 

a, aaaacahmaaaa miijii^s, 0 a m a m m ik a aa w am a. 

10 .1.2 ^sES'l^IS 

0 (Hamming Distance) (BP pj 0 $A )Ztt'W AFJff'J oilA )» A AAiiMA 31?+iiA (A 0M 

ttt&iij) mm 

(1) ^40;£ffl^g,®Mf3A#iJ)tMM: £tifc$la.00$&s, ^jSK^^g s^^a(5) 
AiuAMM®. ^4 

def / II \ 

r <5 (^')= x: Vze5 , n{0,l} l \A(x,z)><5-|jc| (10.1) 

M>A(x l x 2 ---x m ,z l z 2 -'-z m ) = \{i:x i *z,}|^#4 x = jc,jc 2 ■■■x m |(1 z = z,z 2 •••z m AIR {I AIM MAltiSl 
Mo IAiitb, (aK-#^J)o 

(2) ^A A'41A^ MilA AJAM£: M£M£WA*f (*,<?), &^ximmm (l) A AX. 
<5e[0,l]A (mt) Wl« "%l” &£«£»*€ SH*M*t (*,£). m(x,S)%xer s (S)m~ 
A “A” A Wo 

s#miM (i), bp a # ii ^ m a a 14 fs m $& n a m is m 

vs, ^S2 mmn^RB-^ffimk^mm, ^Afii&^AtMaMiEffiiii^, bp 


A 


m 


fii&iiA,f5M)l^tlA£XMM£l!# Jl. AIN A AA SI'- $i. # ^ M M A N (31A 4 A A ijsj A A M M 

e “mm”, 

&M-. )44A:1PAM np xifo]gIa- M, #4A4^:i£[4l0j|*l3i?4M (® (l) 

) lil-to APi±, 31 ^#44He:iSi7JWffjuAEB]-, 35lfA3E^ttWf0] 

*MWl 0 j)o 10.1.2.2 A4It^1±34AWA (-fi^, 10 . 1 . 2.2 A#^0J3, il#»M^)= 4 

10.1.2.1 MX 

M4^aiJAfX-^Aft?NP-ffl>!iiBl^i^li'fa)tSAWA, ffii#44A.SiJ31^i'n]l! (l IkRT^ 

mm) mm, (mm 

A) AMtfc# (JE^X 10 . 10)0 

fe$L 10.10 (MOTflS-HIM) oj^S^itNIiAM^l^^A^^AIlA-A 
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#MiaA-&&±, &&&&&&ft%mm* Wf«I cm 1.2.3.6 TO. E*h, &Jlifc7*&A-£ 

^lEtiAo ti.mmnmm. f, 

#», siit, zm 

^mn^i'0]^-i+'#M'j^^wit#o mmmt (jn^iii) nh. 

feZ 10.11 (5 WMtfelftM) *liZMt£fetf}S>o, Eft s 5 

$PJg*&WMft 2/3 “17 (a£ 

tt-A^ft “A” gtf'J), jl!l#£IIMfci£ft£. Elift, tt 5 M—ft (BSflUfcM) J«t?fe&am 

A 2/3 flMMs&gs+M^ftl&A im^r s (s) ftM^ft^A), 

AiftEtl^ftTiAft+ftlfSco 3E!4lA^^^'v’i^AKEip 
JFFI&AftJJir#^. WTi¥3£&Wft;frffi. 

(1) 0J®££jSCX*filEi®/iiBft 3M. 

ia-», £a#1*51T. tt£fill§fc£&# (g&M) $t^ 

ftviftftA—SSt, Mia. ft ft itu MW# ft ft, 

*i^i&AA®wit®i'pjiP'A u&, am# 

(E 10.1.2.2 ftft HHfeUfe. 

ftifi (MfiE#ffift^WJSttft«-^/LNli))* 

(2) t\ \ % /i A A A ft ft Ai-ftW; M A 7 ^ ft 
E-#. Wilt, 7 il A i r-t I ft n A ft ^ ft ft A A A & A: j£ 7: & ft 17 *1 & A 7 ft A. ^ 71/1 M ft U /£ 
ftftli&ftWfto Mia, ^«f#^W|p]4«Sltfilrt (Sprui^AifWMttn^lBJrt) 

ftfttslISflfto 

10.1.2.2 f 

*FF0£M?ir»*>o, tfmE^s^r,(s)WMRg. B&MWgE* 

If s 5 (BPAMftr^s)) W&fl, *£<£« 

(E 10.1.2.21?),, ^istiH^sftft 

i &mm o litw, £i£sMiaa»5agtt0*iiij. 0 a a a 7/ #j a % tt a ft g, 
ft7lt£IK^i®|flft#[« /2 J^ 1 n-tt#^-%#L/j/2j + l A 1 ftfl-tt^ft (PPMftMUl 

-Eft^ 10.8). ftAft^- l 

it—(&M#f!lsMJBttft«l»). Silt, A7£Mft, /&ft7Jft W 

rnmmm. w®tfe&»j nj&gmx —#»ft 

tP^±i£f|iJ7, ($pr 01 (5)) 

Kg#lft 1 MlfyAo — MTWi Ax, —ft (M'lftHfto]) ?$£#&& jlilllSU 
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ilTrUjfctt 

JC -~3 2 O 

10.1.2.2 

;£/MSfcfit*fr-1^ftj®XT M PflM®-Hit 'if M ttIt$!lW®&Jt. i£#M %m fKlJItt. 

(mi^gd, 

(1) 4B&$gP££*. ^®G = ([iV],£) 

Me -K) fj4> , ’ *+ ^ = 1 M e E • 

(2) ^ 0®W#» «/, d WS G = ([tf],£) m ( w 

*#7C&3f5£) ^^*-^M// c :[A^]x[^]-)>[A']U{±}, V 3j « Wig i 'MBigBtW 

ju G (u,i) = v, v (ft^PJUjl&chT / W, p G (u,i)=± o 

5ga 10.12 (4u«5ept^TWJittftai) *rffiftH£W«y>o # 

to (H^<n #ffljsMJStt&«iipj@. 

• *j' / f£SHI aEi&\I A: ^ 2 , o"o 

• x*ffift0j£Mp>o, Q^—A'p-m \103 (sfcMH) WISMi^o 

• *fft,t@5£iTO>0’ p ■ N 2 (Cut) Ww-ME 

• )iJffiM/)>0, p-N 2 (Bisection) W 7V- 

mtZT, M^S>0, m> + #£-^03134, ^ (^<?) iftj 
H't l 0 J o 

&*jim cjE^a io.i 2 ) *b&, *h& 

ikmnmmzmm^m®:mmnmo ±j£fmwii3TimTOii.ic7-^#s, 

(inii2.ffeitt. ism^nzo* at: &#«c 

j0f^JRdi!»llW, @*4<? = i/w 2 BPTO&#fiJI£&l'KJ (5M5*fcft?j) £J£Ir 1B (Ml'»ll, 
V&T 2-m&mWb, flNP-^Rg). (JE^a 10.12), fldim AnM 7 T If M 

mm&m¥JE%m*. 10 . 1 . 2.1 witm, t#et & ^jn ##7 tn. 

£ a 10.12 m m r it a # » & i-fu n & a w a ja tt w ® ^ m* in ig * ^ m w a js 

Zn £KjEA:^53iJ. B£n—(&$P$#MP$^T) TOJ 

mnm'Amipy^o <#.&*£±££®i#»T. m\t\/sm 

mm 0$n, MT3C = MM < Triangle-free) 

[olSijaia 10 . 12 , a;t : M.W^*^^W^i*<l'*f4J‘ffl^Wai4taaifnIJSiWgfifeHi3g, nj 


O O 


a o 


mkmn&m& 


© m. c=([/v],£) (s„s 2 ) cep 5,us 2 =[yv] u s, n s 2 =t x ws'j'fwilft&w-o—s, 

f. (Bisection) 

Alon^^J'Mffi (Regular) typ\ (ft] Szemeredi ^1 A) MS -*§tfc@tli7*$MWT&?£fH. 
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$ i o * <| u ft' * fr-l 44 ft 


y.#fy ( %8N 2 ) (Dense Graph) (B|J# Q()V 2 ) &0l (ft 

AWjSjSffl) W^iSIKHS ($n^JJC 10.1 ) rTIsJIW—BP» fttiftff*c>l, 

#®^IS4 , {£#llNJM^:fiA > (-fc (sK'fi£^l‘^’M^S / Mb) (ftl'aHS. ^ c-HT&rflA 

jga 10.12 

fcRttSftWRMHWiftJSC. JSAtTJi'ft M'httftR 

gl (iP^a 10.12) SUSil 

jtaio.i3(WR«w^)*^TWJBttiftW) WTitti-xmw^A d$imm 


• *r«*^w^*^>o. #£-^£j®5$-5ttgmiH Mmn&> </ 

• *M£jtf&£lft </&<S>0, </M~ 

ra^WJRttt&aJNB. Atttti. #ftWjsfTWraA6(>/^). 

*M£*£j£W</^3.R£^£>0, W-TI* (3-JEWJ) :r®ffl£WJStt&»1Ii®n(tf) 


2fc i&J fnj o 

• dRS> 0, JSLm^mtdtii ^aj^3^fefflMJBtt4fc»«s^(A0& 

ill fnj o 

jta io.i3 *mkm sif^raMieiiT—a«*i/<yw^a^. #&sj@ 

tfflftl, fflG, =(F,,£,)^G 2 =(F 2 ,£ 2 )f0]fi<]ffi^xg^^£ l |P|l]^TG 2 W®Ml'n]W 

'.Wfctio J&nt, +£ 2 (aEmax(|£,|,|£ 2 |))o 

10.1.2.3 

BfcTfflifctfl*, Mtt^«!liEttiil^^if-#|pM+o «±, &#§Mtr5fclW£tt 
$b#, <«fc*fr*iJr$£M»A> *jM, 

BP^WMGF( 9 )±&$[* d ift m'£A%m&, K4 3 ms dftqWfcT 

A-feft: £p<7 = J 1 =w 6 ). ft,#;: itfcfrt, $I5A^; GF(^) ± /m-$Sb6$S[£Kj 


® w f««, «*raMSi±&»jE ; wi&<j. jmmu &«»*#»*, #-*jv-w£fflji.iN*ffcfKi, bam 

(N\ 

&’Pfi'>?(6/2)- £2t. £f*£F. *FF$*Jfcl*!. ff£*^Sffl®tt&«il'‘4@)i¥)'lfcJ. ra^WattWS'Pto^St'l' 

L *• j 

imm iN-mto raw. ( N-mto m. m*s. ^si^^masraw. a-^i»r*i«iw. w^.s 

njgg, H^ittw^-Ft-s^raffi^ss u s-mxitfi” csp^iaTr^s)). 
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i\Yik,m 


sk “®m”) &M'*%n j £&%q m -iog 2 qo 

f®#fi(jfi, MSfcMUBPnT). 

ja 9 J. 2.2 to 9 . 3 . 2.1 ur. mm, 

& 9.3.2.1 TOttifcTTO^JBPgm^M <&»* 1 R q =2), M?£ 93.2.2 to. ❖ 
<7 = poly(c/), m = d/\ogd ( tkf d )» 

(MUIMA TO®§ ($UiEP!'J^W^W 
&«n, mm life (japft^ E.1.3), m^ife (&MMitj#i/H4 ) ($pm@ 

) a; 10.1.2.2 (BpxtMa^w 


fflA 


7H 


■#6MWMo ££W, 


10.2 ¥J31t<fcg&tt 


©#&#: “W (£#S) £«#&*&, 

£ 10.2.1.1 f ®Jib, 

Jlo Mfla, 

Bfr*±, mmi 3 & 10.1 un s^^imTO 


TOJ 








&1M&m§£#ij &T-m& W M &#. M M &ffii£. 

t$fe, mmmimt imu 

ffi&, TOM MM TO F, M&«^ATOM,t 
£±#it^£**r&s (#j.#je^i64fniHiaa^ttiR»j). mm\, 

±-g^*JsTOi5?liilTOl'glSo M: 


mH 


TOjTOnto toto 

[SIM. 10.2.1.1 TO^tttfc& 

TOJ®, 

AM£$tTOMt£TOWrW£WiI^IS?ltj#&o 

«t m tb m m ft «to* w m m * n -t £ m %. h m ft m . ¥ m m u % & is. w m % fi m & in \ sr m 

e+hj&m ($fyw) to^mtotomsa 

t*np & np ^ ptt) stHii&H 

&” w o “&m” ■&mwmt (bp^to)$m 
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(M# “ rti&” KM )» ( ftM JAlT 

10 . 2 . 1.1 Ufa 10 . 2 . 2 . 2 I?), W'Jifc^ttilllTM 

(ja^JI 10.26)o 

T^J^TP ffjTOIfM# 

BPM NP 

P 3 §M¥J$ 1 t 8 t (sRWMfllR) IK*. NP NJS^fXftaJiflliaT* 

MW, WUt “*MM” W (BPfgfi*#tS[##^fl&MftS£Wiffl2llM). &Bf^7 
m « £ 0J rT Hi M -7 IE ft m J¥ vi jSffl I 3 (W * IX J6 Slf 59 *fW Sc £/& ffi * £#'J M & ffl (s£ 
£#, “*firtt4£Kj” JSffl)). ® 

±4BWS5IA NP-^£tt# 5 Fi$1flRTM®f$£. 3^)^^1?W±^l1l#o V£±, -£1?ttj 
'^W, 2 ## 5 FJ$1t8&"FM*f&. #»J±tk, £fii£ “MM” W^f"lH#SW, S# ( ¥ 
* 9 i#a> atfenrwiR»j “*mm” toftmm. :, o> 

Hi) HJB. 

i*i#€*r 

10.2.1.11?+^tHT1i^ 

10.2.1.2 ^*\mT&n‘\mn&&mx±' #£# “np-^^” ammuirib. 

A&, 10.2.1.3 Wxt 

umn&WKrm* 10.2.2 nr^a^fib-^w^s. 

10 . 2.1 Sfiijllik 


10.2.21?. 

-MU it&J£± 5 £ X W&inMiRSJ ■Iffpj M7£. 

10 . 2 . 1.1 3 £J 5 i 

mt-tb, “M”= s/f oTtfin^msiait# 

38 W£ £+S£. ## m ±fiff U FMS1VftSit, TOtfrMM!:IttSitM& W T J L 

3rffi|q|JHo 

(1) iiJt»^}iTnrfRiJs <j®. 1.2.2 m ss 

(2) i,R®JnT1fW (IMP) 0S. frl 7 J #5, 

mxm%, 

(3) vWB^ ft/Mu) i'b]I^o %i np m f-iJc¥ &JtitU TMft Mm ill, MftftM&ftjft 

mm, -ttiAiiffiWM c^itwmum ft. ft & it % * *f is a a m ft.), E-m&w- 
ms., 

(4) ?55>M OH?) ftSIBJjagjfiMfcfc. ^Mtiti.ftMMitffi|SJ, 


® (jESW@viKy.HO Hitt. ttife, ISIJiJASWfcMfllSW. «A3HtiWfiWI=. 

+3>)Q«,^««(1 1 .,Wffl«iriflia*.*!!iraa##i«5t}^ilfW^iWtrS*)ii««ri*l.5)-^riii(JB.7.i.i Hi-ffteflJc 10 . 2 . 2.2 
• W * jfi W »ife ). « PS ■^ lii HI g * n g ffl » Kfe ■t fi£ W * '* « & ffl ^ W ft¥. 
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Uft&aS (Sf'ft 

* vt itn & n jb. ft is ra & % x % *— & f"i js ft — 'i 'w s i'rj m m *t»® a w 

&i&, i+i»if(o,if. m&, #*un@ 

(s,{x n } neN )&Mik s {*„} neN 

JB. 10.2.2.1 m. ^U = {U n } nsN , BPt/.4{0,1}"±^4)*^. 

f5UH(s,{jr,} MN )«[^j!C» (WttiJIT) rTJtW, i!Pl#4« 5 M#& /f, 
¥#isffB*lSIS/iW^j£ <BP#£->h£J3i5Sp, tt#E[^(jr,)]^p(n), 
^^fftAxWisfrWIBJ). 

Rt, / i( (jc'i , ) = 2 H , W«!l/ (( (x'jc') = |x , xf, #fifi#{0,l}"±M#$J3Mfr). SjfcfMnBrJtJfft 


ftMffWl'0] mT£tH£JSO WtlM. Hitt:, iAA-'Mm^TCM, M^islr 

#sa p(«) # M US * *T & ■& ( BP X* * £ JE s£ q R ft W J£ ^ A M » , W 
Pr[^(X n )>p(«)]<l/ ? («))o jbijSS^ “#*M , ’1*»*ft-4? 

(1) —#M1ti^^^X^i'>51®(5,{x„} n€N )A/ (USD TOM, s M#i£ .4 

f#/( TO * = {*«L N AJftM^TOMM. bUsuffi 

Ws&#lttifc5*gfc (*&±, iytilTOTO£Mffl§M=IPR 

&■&—(BPRMTOTOtMMl^))o 

(2) TOf+)tX^jTOi& l TOSi(, $(S,jr)* (*M) TOM, $Pm#«^«0tfH] 
TO££«0tMrt&iU±tfc*tTOM 5^c#p, BP#£TO£«/>.J£f#TO&A *„. 

m&a p(n)#MM^nj^&mo &—%x.0E±Mi6TftAm$w. m 

to, to-m, iitRt. (jhaisio.ii), m&s 

araTO&M#TO&TO#TO7*MTOtt, tops&m 

#me3'J, (n-m&) Mms m±. a- 


® Stfflffiffi. S»5e£.##.@.«U Levin" 541 to Wife) teWfli 

“IWftinU.SiaftiKja <E#-S:Stltt[ 89 ]>. <Rfi**«## 3 :i»t[ 89 ] 1 ’Mi-m«t*l r- 
«*-»»*££«». «-#». #^*itt[89. i54]'t’W»-#)£X«^>p*^aj!s. m.ik« -*$*#««. 

»—WJfejStlH Levin ^ai" 541 (E#^*«[8511’Wi>m). ft tiffilAnTfrW Oc? Jf = {^,1^ ), fcJEOtigtrfftffl*T‘ 

w«»»/:{ 0 ,l}* -»N . &mH£Mxfi/(x)^p(/(x)) 

0 S£[/(Jr,)] = O(n). ai'SZA&filttfft (*##.±i£«|!g> ^fLomteiE^ma*. C BP £[/,, (*„)]=£ poly (n) ) —# 


“ N ”. 
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fpjjgyi (^T'±^J#®). ® 0 % '0 tk nj UA & *k ® ^ “ 15 ”. M&#i&£Kjfi}fH*l£ 

«±. #SJSCSIS. #&£.'tii 

££10.14 (tpcP-^) ^#yi/4S^W^I‘0lF , 3*M«(5,{X n } neN ), 

£J3i5tp, i4 ^#tHfg^#ii : ?f®3l/>(n)#0tJ^^niyw^l»So ®M]&pT 

M$, i(>ffft5e? lr(5,A')etpcyo tpc? 

—<S#®N®(S,A). K+Se? 10.12*133® 10.13), 

tpcp, sift, 

«, (MM# “Siflfift” 

®0iaf] 

&m, rnvm^m («£#*&> 

^ WT/£j£MS5iH, 10.2.2.2 w&rt’S—'hMSiibWtt^. 

££ 10.15 (distWP#S> ^m^SloJ A = {^ n } nfN ^®-^®. 

XiMI*jft$&Axe{0,l}*, Hg^mPr[jf w ^x], . ffl 

distAT^^A# AP W^f"IH#S. 

a*t: ^w«^srshsfsi#-w. £»-t. 

i±2' 2|t| z rt, &M: fex io.i5 

wsiaisija^ttiiiHSFWRrfftt («-&#-&) 

$>. <jB. 3 jg 10 . 14 ). 

10.15 ft ft (51, -srMl&fAl^o 

mm&t&mmm itRAWjM) 

a mm&” h “®w uam±> znmn* 
nr ntrt frit mm r a £ w r$i . T®i^g ft®. 

^J^®f0]sr^#0<J^MfS] (JB. 10.2.2.2 u> *& 

10.2.1.2 UMi 10.2.2.2 W«l£ifc. 

10.15 tfiss, Aftlfe. a.a: ft 


® WS. iMft—'Nfr&fflgffiuf 3-®£i. “sHtSiW#.” fKi (Jttsfeffl 10.19 $L>)M io,27). 3$. $•:;«—# 

)W. “g” $«*» “g” 

© «; -tl?ia^:N->N %*!&*&&. SuS^ttiSiE^JK^^&fftf&^AWn. t^(»)<l/ ? (»).fl ; iSai€S, ill* A(x) 
■1'MI J 'x WffttSffi (Indicator Value). Mfti /( 35 1' Jr [lltu, 

-ft^KWfflii. n\k%i&ttt>&&m'¥®Rwm-'A*c>. #»&#!»«;«#. «r. amu a. *i 
p* $»iK'tt'&ffl. ■mmtm&mmPtt&x. 
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ur/u^fi- 


M 4 *& #^ ni if- foj & w M M . 9 — h rrn, £n s x t- fe «z ft ft M ms m t —a- a m t- s pu a w 

m&, # 10.2.1.2^ 10.2.2.2 u+w 

nJW»TS. *^7SW-^« 

^$i'h] dfi'j'®^) Hitt, BMMif 

fll£ k> («p»JS 

rJtfd^3£fe4a$$lW) ^iA£ P-vs-NP r«lJgHWra'hM£J80M!. M, Bflitis 
i*£«FSn:ft3EB** NP fllTEM Wo ii 

Dc^lfJB— ^51;®. GP distA\/!P>F / S l '^'^ 1 tpcPxL+o 

t^mp, fAmsmmmmmm. Mwm^, 

m dist^VP + *^#£NIi*Jil : F tpcPoMW#lijaiyW^“distJV!P-^^ M |nM, HP# dist 3^P 
+#S—®NJH^JR^ tpcP, ^M^dist^P^^TtpcP^o WTfiJffl- -^CftdaW 

^jjc (3H&) i'bisisiwiq^ 

M±, daWM^&TOSilt, l&7daWWfem&# (UPfimW 

&H>KdaW “J3KA” ffijS##NSMJM^M|i. Jlfeitk, 

(“&.&”) (“Fife”) W¥££#'], 5 

wj. Eta is?$ - ■11si m w *s £m a ft fu n &&^ &#sj« p■■%—^ n gg w #§^»&. wtm 

cook-daw (BPiifflw^jig^HtiBjdaw) wAKarp-isw (£?'j—daw) wiim 


&-AWJ 


&#&#: *tt£i*3l:.L*4M8 #£!-!& ft, i££AAijE<d!£g 10.17, 


SA io.i6(^N^f0]Wd3W) ilaH A/«F^NJH(5,jr)daWAj^ffiM^r). 

(1) #t*A/isfrf£® 

(2) lEAStt. Xtffiftxe{0,l}\ SMSxeSBf. A/ r (x) = l, M T (jc) %t* M # 
nTIAl^ln] rAAT'^iliA x WIbulBo 

(3) A m 'Ft = ® M T iAi„* T W ffi m W N , #1$ M (i<j ptj fuj y BWI: 9 
Poly(H)-Pr[^| =y] . BP## - ^h^Alitp. / f^^fAt'fi;®7e{0,l}* S / tt;a«eN , # 

Pr[£?(*„) 3 y] ^ p(H)• Pr[i[ H = y\ (10.2) 

it#: Q(x)^7jk A/AT'^nuAx ftlfjjj !fiA|n] 7’Sati WiPJl’B^I'n . 

;8*h ^daW#WitJfaTOAM. BP##£Hit p', \t%'^y&Q{x)m^ p'{\y\)^\x \. 

it (10.2) £i4;fttt^MMH&Jr ( ,M$feA. daW^^i^Ny WM^-o 


CD $ ** h. nfWa®*«JSi, !)H j? Jiii & H-t M ft*) W Mj. Xt i F. f# tt ^ ft tk »J' ft US f W Bt ®. 

© «cj*ijffl£fj—ia^)fi<j#^i#fg cup m t ( x )= 1 aflfxs f(x)<=r . at' fh iCBtfsic 10 . 2 ) 


m. fll Pr[/(A'„) = >.]fWPr[e(A'jB>.] , Wit (10.2) «®ft^jPr[/(A'„) = > ]$p(W) Pr[K, 1 =.v]. h, 
i£-£ft*ffT:«*JBT- fWm y mmSi±&M-}„ 
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% to >$ .yufitt.fift 


ay ifc&f, (10.2) Prffy =y\ 

£12, 

*&±, 10.16 

a bp#&— 

if, JAm^imm (j*l>js 10.15). ® 


'&M: 


f. 


8 $4*MfflWpT *41416$; CJSL 7.1.2 4fKltti6) &P*±MJ1:£ 


JSC 10.16 4>W!Qtt (KMI ^Wit»ffi#^M^|3])o 

10.2.1.2 ^^I'qlM 

telJBMdistJNJP^fe^-^tpcP + WM, iSX£i±*SWfc7 T^MPtomB (l£-4ftM 

frS:W#MiiE0J dist^P^ia-g-T tpc? 4’W, 3£ 
JMMk, 5»- y h^f«lfi(s,A')Ji distJA/JP-^itt, $P 

*(5,A r )edist^!PE.tt^(S',A")edistJ^Ppl!lg^?iJ(5,2r) (ffi^jSC 10.16 WlSglT). 

M NP-^£N£M#£tt*l3&#, VtZnmHJ&RSL NP-5t£M« 

4fKj**j£&# (#3I^£@214&#4) “ftM” 

M “#ft3P &fc|. M, ***5® Karp-J m (ffl4iEBJ0 NP-^ft^r&W) ^->hN@W “ft 

M” & 0 (lftat*»®- > H«JJSW “itI t'-” 3 feUj|^lW. Hilt, tt***WF?EWjagl*£ 3 B 

&4t> “W. ® 

10.17 (dist^VJP-^^rtS) dist-WP 4‘&®’g3HfrlRlJB(7’,l r ), $}£ distJ^/JP 4^4 
(Efe^X 10.16) %{Tj)o a—^Hb. S#!58r3»£i!Mftl*. 

ffiHJ: 1Tft4A&#-4 (3 Hj) HS. 2.19^110^4) W 

&£#£ *eU«, {0,1 }'M & / )D[*I®e»A*t (*,>>), WJ 5„ 4^^ 
(m, x, 1') , 1$ S u 5 ” w£fg] £/' . U’ % ( M,x ,r ) #@22 _(M+W) 

riciEtfc. ^flcife, M4 (a/,x,1'). =£ 

2~(N + H) 


Pr[(/;=(A/,x,l')' = 


v 2 y 


(10.3) 


def . . . def 

j£4: n = {a/,x,1'}| = |M| + |x| + / o &M: F» 


® 


jvy4ffift&-&js#*s. (ja^si2.i9Mii0jo) 


® ainaw^iBttiWift^Taait <aRii-») -am. ttsEdus-#***# (BPsm'MHiiair*#. 

it«>. ro*»rK*mji4;»tt*# (•zftft't-nmm. %-nm. £iwt*is*ififcMHWj<a. 

*wsiHrifiw#-ixw. ««. ftsi-fli. io.i7 wi&.m'\<'&n7'Z't.£m. 10 . 19 waw^w^nutt. 


^J^n. hT^ (M,x,\ ,S j tfaFh'J'jQ er,<7, ‘•■a k CT k 0\T i T [ ■‘■t 1 t,{)\' , Jt-'M A/= cr,<j 2 ••*cr A g {0,1}* , x = r,r 2 --‘T, {0,l} / ,P1>J 
(m.x, 1')] (^ M | Wj -1)+2 Hm| • {m'€ {0,1} M : M' < A/} + 2' (I " I * W) -|{x'e {0,l} W :*’ <jt}| 

iC'f: i tJJ b % {*.*+/} #[*+/ + /] WWW 


v2/ 


Pr[t/; ^ 
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i i n u *n 


dist mp m<j%(s u ,u') . (jtf-M), 

dist mph& 

M&tolSiQtftfrlfi l'p]M (BP (S u ,U'))o FIJS, »m 

T±i&ffiffl!0#J (5fij5„) SfflFffillSjJedist^PflfjMo 

x (m s ,x,i px(H) ) , ^4' M s ^iRSiJ s + J&RfKJtOH NP-iiHiE), 

ffi& X (BPnJ^W Pr[A w =x]»2- |x| ), M 

(m s ,x,i P x(H) )W “i^Jltt” m*F- (Bp(m 5 ,x,1 Px(w) )®(/'4 ) WM^^4 1 2' w )o SETO-friFE 

(ia>jis 10.18), Hitt, mwimn%m<io 

(M$o mo & 

M§, #x ) VkMM^x, ^jg±PS*l/Pr[A |t| =x] mt 

WL, Pr^ =x] = o(2 _M ) o *0&±ifc, x^%^^^M s x ,x\\ p ' H y 4C4 1 

|x'|<0(l) + iog 2 (l/Pr[A' M =x]), <££frjgx'*n x &f) Sfc&iiKx'£f?3» 

x Mlli, Mffi IrIJS 5 M4*ff£l&iiE (BP M s ). &myEW&Wmm& ±i£ 3 

(Hpsssktt. iE^fttu^i 5 dtt)o Hitt, 

xm%m, m^m o <*£ 

X 10.15). 

fn«, m&m?%vmim, wiii«ff*(s.A')edistJv!Ppr!Q^A(5 1 ,,£/')- w 

def r —i 

BP#1#> p(x) = Pr|^A r | t | ^ xj , J3.va£^/x:{0,1}* [0,l]^^Jjil5^tf'tl'0] nfii #lFl (H 

% A?i^5£X 10.15)» 

tasiia® 

4//:{0,l}*^[0,l]^^Jl^H4l'D]nTiFWfPj®i(, tt&M n, p & {0,1}" (BP# 

tQ® x'< x" e {0,1}'' , W p(x')^//(x") )o X4 x e {0,1}" \|o”| , -^x-l^^^ n 

ir^fe-FxJtm^, nil &&- y tmm$kc p , «£WT3tM. 

(1) iE4So MUM x, W |C / ,(x)|^l + minj|x|,log,(l///(x))} , ^ 4 1 ^ x g {0}* Ht, 

//'(x) = /j(x)~ p(x-l ), p'iy) = ^(o") o 

(2) m^m* 


© 9lfl!'l'M {0,1}* •&•»*!n ffi, U&ft'&n±& ( 

I-., {o.i}* (Mqo,i}”) ±f Ji^wwrnrM^w#»fft». •}m«i&&<iiu p£&#ia-:w. &>js 10.19 >t> 
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■ t ; 10 


M«eN, ^FjPBT-{O,l}"0t, (BPinSC /l (x) = C /1 (x') 

ft |*| = *' , IftiJ * = *') 

sEiB: m*//'(*)^ 2- |jr| , Mi] c m (*)=o* ammxmxmnM 

fomm, SJM C BP //'(*) >2 _w W), C fl (*) = lz . gft|z|sSlog 2 (l///(x)), ft n 

&m#zft, ^ MfK m (/,(*)-//(*),//(*)] 

±g#j*//'(*)>2+i mm, »zMM ( t£mmc f ,(x)=iz ft), m*>o | v| , 

ft^(*)<i. my^z mtm, t 

/y(l010) = 0.10010 , /y (l 01l) = 0.10101111 , M'J C„(l01l) = lz , 3£ftz = 10„ 0jlfc, jtfcft. O.zl 
ftEM (//(*-1),//(*)] 1*3 ( B[J//(*-l) < 0.zl <//(*) )„ ftft x = 0^ , 4“ z %} 0 ~j //(*) ff\J —-i2 

life ft, o.zH&£ffl&Efflrt (HP(o,//(x)]). SJ5. *m$//(*) = lil 

fu{x-\)< 1 dtl *, ^z% //(*-1) in 1 — 2 _|jr|_l fKl jtfcft, 0.zl 'Wftl* 

|H] (//(jc- 1),//(*)] ft (0^//(*)>2“ W ft//(x-l)<//(x) = l //(*-l)<l-2 - ^ <^(*))o 

ft®: /y(*) = /y(*-l) = l , MM//(*) = 0< 2 

Cp (*)| = 1 +\x \^ 1 + log 2 (l///'(*)) o m //(x)> 2 Hx| , KiJftMfg* >0 W ft ^(*) < 1 

fKjffiJdo 4‘z = z,z 2 ---z / ft a(x-1) H >w(*) MO //(*-1) = 0.z0w ft 

//(*) = O.zlv , -Kft w,ve {0,1}* o lUntWr 


M(^) = a(*)-^(*-!) 


< 




V 




poly(W) 

X2-'z, + X 2- |-X2-'z,.<2 

1=1 


/=! 


/=/+! 


-ft 


y 


II |z| < log 2 (l///(*)) ^ |x| o Hitt,, ft.Mftffift F#lft |C^(x)|^l + min(|x|,log 2 (l///(jr))). M 

ilftvli?//(x-i)fn//(*), ft^J^ftfulft^mc;, ftjg, M31=f& hftMftItft(HP 

C„(x) = 0x*BC„(x) = lz), ftftHk, £8“*M*«T (HP 

C A (*) = lz), Wftjffl//(x-l)<0.zl^(x)|ft|($, □ 

%7nm —a* ft ft m m ft ^ w m /s ffl ft ft is] m w ^, ft c p ft m t ^ 9 , ap#ji 

def 

c;(x) = (|x|,c^(x)), nJ4c;(x) = cr | CT l ---cr / cr / C / ,(x) , &ft c,rT 2 •••<7, & |x| ftZLjJ 

=^« ftm-fj, |c;(x)| = o(io g |x|)+|c / ,(x)|, ftc;jt c{o,i}*±m> —ir#. 

m s s ft mm m ^ft m m m n ft, 

NP-iE® (BPxeS ^ftiXS^ft y e {0,1} p ° I>(|a|) # M(x,y) = 1 )<, 
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ii nu.&n 

M S/J o 5 (/±c;T) 

J- 5 WiiEBj, &%nn° BP*f!$i AW x' & (x,y) , M S ft ^9t?k\E 

x' = C;(x), SStf A/ s (x,^)xe5 . 01ft, (*,>») J.SIJ£^,(x,y) = lW 

iff.PH, 


S.P 

©a as 


S' = jc;(x):xeS) Mw= C^(x) ) 


© 


(SW) s£?#ij x ykffi%=.7L%i[M S ' fl ,C , fl (x),l r ^'j , p(n) = p s (n) + p c (n) , p s 'A J 

A/ s jstfBtl'0]W^^5t. Pc I'§] MgW^o 

#©»©##? 

^ff]giIF.ii±ii^l ; t^J^7(5,A)SiJ(5„,t/')l^!l3^, *jft, 10.16 

3 

(1) <B&mm p zzmiO. RrffiijHi&BMtRnE 

(2) bumj^lB, jtrfiAW^^)), dl^a/ s ^^»a^m^x'=c;(x)e.a/ s ^e 

Ps(|x|) 'Pf k }f£ f s£(x,y) o C',(jc) Ifbflffe - iWjal jc, JC€ 5 C^(x)e5', )5#/&5£ 

j ^#A/ 5 ^M^p(|x|)^rt^^(c;(x),(x,j)), MJff. x€5SM3 

o) m5tas5fl±awnt*«a (iei^»*^c; (*)£«)» 

t -&, Ks^A^iaiftitTWfiStts^wsfeSBPRr (H^awssw^s^ 

S£iEtt4fe#). (BPS*MW m ^-^=7uSi, 


5./i * 


s-+tg»*c;tws®5. turttfex, ^^sM(M SiA ,c;(x),i p ( w) \e{o,i}", w 


Pr[t/;=(M S-/ ,,q,( J r),l^) = 


^ 1 -2 -0"5.^H^(x 

\^J 


>c-n 2 -2 


r (|C„(x)|+0(l°g|x|)) 


c = 2 _K -" H ^7HS^7 5fP/i Mfif* (BP«|u]1(5,j) ). Silt, *7£7IE£ 

M&q, W 

Pr[^=(M SA ,C;(A:),l / ’ (H) )]>2" |C '' W| /^(«) (10.4) 

M (SS5IS + W) W2 _|C " ( ^ ^ 2 _,_min ( |jc l- ,og 2 (,/ - w(x ))) t 

2+)<Wl: 




Pr A 


H 


/2 


(10.5) 


Et37x^(A/ S/JJ C;(x),l ,,(H) \&(]Pi—jg$, (10.4) (10.5), Bjl^iJEBJ^Sett 


5£iJ#uE 


® H:.®= |>’| = poly(|jr|) . lHJi|x| = poly(|c;(x)|) ( M.iTij S' ^ -&JS F NP). >Fil. fWt$#PJ. Jr® JiShKitf 
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$ io * 


£fl 10.17 IP S3 2.19 f|<juE m +®IftU=l '&M l°JM0^%#'J 


m -71 a g ^ ^ ( bp -&# ^ j§ #t i' m m. n m ^ a ** h & m •—^ “ m w m % $ & ffi# 0 a ”). 

g;t, J5MiS5Sto**F1*»!B£r*R. i£*NQ£l&W& “MW” (BPi^^MfrM) 

rajfc. si 2.19 

M!5£JJS.^ distJVP 4 , Wffi^#lRiaja^jA-a-a-S' 1( &*^fBf^«[^!£fl]WMNH (JAL 

531! 10.20). ® 

$W, £3 10.17&Wlfc±i£i£ifcIE^*M'&J5C. IP dist^P + 

*jS B 4*lnl—NStofl-^liR*. W±. ££3 10.17 ^JiiLE0J3i±fS , + 1 . 

it tc M j£ $E £ fa] (nT t& # # $3 £ fa]) * to & 09 ift It % £ ^ Ifc ■—'MB ■#• ttE $ $ W £ fifi $'J 

W &0'J (IP ¥%!$} fiPl U '). 

—B-MT## distf^P-^M, i£nrWuEBJ3 (dist^P^) K-^t!lNISfi<J dist^P-^^ 
tt, ^r&Si»*^disL5VP-^fRlHjQ^*mrnlfi (JAL53S 10.17)). 

AUTu. £3 10.17 M + lttM*M£M14£Kjo ^£Kj31, 

3 & 4' )lf-ffi#MBto!l3&m4ito8m$MM 1 3lAM0M£to 

a**$« 

WM^'SIWW (S^JJCiO.15 ftjjftjSU:). mss|. 04s&0aMSM*J#^fi5. s 
fSMfc&fl'SttMfc&tt. &3dJ&, “M” S. w, »Jg#& 

(IP££J*. 10.15 

ft® io.i8 (dist nrp-^myfcfr&ft) at# f%M&s$m'&TttKup-mi*i. m& 

mix'/ejojf, 

(1) (/JtMtfi): ta^x’<x\ Rij f(x’)<f( x "), 
ftffo ® 

(2) (/*-&£*£M): |y| = |jc*|^J.{X^|/(y)| = |/(^)|o 

x, $*#($,*)* disuvp-^foiffi, 5HJMM«fs] r, a# 

(r,y) M d ist jv!P- ^^fp]i. 

mmmm* &M-. m$-m®SLismf% —«nat, rmumx, w/(*)^x° & 

'MSffc. AfrWa, ££.y = /(*). TO&*¥g|^#r«^3fc&fyjc, 

Efu]^^m^[o,j] (ftf^/(x)). a** fci£**3i/Mig«, 


«&/*—ifttf (Ja*JS*$) TO£X»Mr = {i;} neN , 

WPr[j[ /W =/(x)] = Pr[2r w =x]o 4‘/(«)»|/(l")|#tt*i!l/Ji5R#S.#«#». 

5SJJC 


® M-:.®fj. a*j^»»a*nrKi Karp-m^i® 

© #»jtfe. <m*| z '|<|z*|, jjij/<z'. @«j(}T 1*1=12*1. fiz , <i’ 3 H.RSM:»',i( , y€{o,i)', ffiHz=wOu' az*=wiu'. 
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il-ttUfttt: 


Pr 


>w -•>’]- 


Pr 


= * 


> * = /" (t) 

#&/h, {^f%e{0,l} /(m) \|/(x):xe{0,l}” 

Jt'ftil (BP|y|g{/(m):meN}) 

MM. (S,X) Pl'j3^J^l(T,Y) (fijffl Karp-® 2*1/, tR^ T 
£ftO. M, *'Jdist/A/P nf!)-] %(S,X) iTjftS- (EaJS 10.17), rtf 


0, 

2 ' 


dist^r ■ f j f/t w n ^m^%{T,Y) o vat mm, km -^mw 

#-tSt$$|sJ. AUfff(7\T) iStf 1 disCA/P. 


_1 

II 

^3 

l “S 

1— 
* 

V/ 

1_ 

J 

L 1*1 J 


Pr[j[ /(xJ | < /(*) 

M,#tt3S>'e{0,l} ,(m) .WPr[y /(m) s£.y] = Pr[X m ^x] , Jr^/isj^ .v 
(#E«±, $nH|jc|<m, !fl'JPr[y /(m) ^^] = Pr[^ m ^x] = 0)o '^Jtflj. xvi& 

^JKjCfftWrtiaitiiE^Sg—a + Silt, ftf W, tfe 3 \ & & & tKl a- if il ^ 

Pr[x, ^x], ^jffi^#Pr[r w ^y]. 3pJfflA-Atg|^*¥SWW®«, prfcfij rteftffiMMfc 

I'hJ ( nn )„ 


□ 


ifr® 10.18 ^nt/Ks (NP-^£) 


>A* 

CJ 


TfttaWL*#J distMP-%£1£M%fr£ft-, rtf 




-A. 

a 


u 


ci 


rWM Karp-®£tf, BP&ft Karp-fi^lJi^i«B.-fejS^W. ^ 


l 1 


3H*tfeitf*Jffl£#W*3S (sK£*Ml<J “E-id”, JE>J®2.30|H>J® 10.21) *iiEnJE |M]3S9 

E|j#rf m u mz”) >jis 10.21 

#||J “#.®**id" *^rWtf*Karp-!Q^a* (IrflU) ME^Jt^$^Karp-0^. 

10.23 4>, “0rWS$M NP-££££J&*»#®J*idir Jlfltilft}. *£^±M 

F/rtrM^^. pmm&mt, nm 

M#tfflS*distMP-££W. fc7#*&i* > NirH, UcfHffl KarpiS^^NP-^^ttWEi 1138 ' 
•t'tltBW 21 (JEM) 

£9 10.19 (fflfflifrSMMfnJiR*) ##XSfcijtt[i38]lSiliW 21 -f- np-^^NH^, 

fijs£disuvy-^M. 

Jia^fittWfRiafe® sat, m# 3-tfefii. 

10.2.1.3 

10.2.1.1 wn, io.i4 mmi'm, nm 

feX 10.20 (tpc'BTTm Jlflliai ^a»/!U&W(BISRW»»/:N->N, 

in*#S9Ax, aR#^(x)^/(x), sK# A &}jsmgii7t(\x\)#, 

Mar i/3, wj^x^^^/wz-^a^A. irn x„%as 


© if «««-«•««. up h *«-p / rif)«i«fiiR»8ia*iiyft ! J. 

@ ❖ r„ AJ^4j3>^Jft-#«^BI*waiP. KHtSCUXSATffiffin-tfc^^ tforffi *•’**#*. 
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$ 10 


tpc2?2FP#§o 

iP£j£Xl0.16 4. ^M r (x)|n0(x) (2) 

J3U n (3) J$4tlf!|) *»B6#l£*ifff#0J£*Mfe. it-^ife. £*IEflH4 (ttflrWtoA) R 

(ift^J® 10.24). 

Kttja^+wdistjvp-^fiijiiffl (^) [n^^a 10.17 4M 

T {S„,U') M dist NP- 7 c ± & , & 4 (/' 4 %} ffi ffit 4 S fa] C HP 




Pr[c/;=(M,x,l')] = 2‘ (M+W) / " , £4#» = |(m,jc,1')|). Wftg&i#. (S,,,R') 


\ 2 J 


% (. S' U ,U') , % 4 S:=j(A/,x,z>:(M,x,l N )eS„| R M ft M (A/,x,z)e{0,l}" , W 


Pr[lT = (A/,x,z)] = 2 (M+W+|z|) / 


v 2 y 


W)M^^Lt{M,x,\')3\{M,x,z)^%M, 3t-4 z & 


{0,l}'4±^Mo HI®C/ = {R n } n£N ^±U^m¥Sf§] (BP t/„ 

RrUMfUHUTifrJB. 

fill 10.21 ftlES&JW, e dist.WP nT LU l^#I±tfe !Q^J (S,t/). 

mwM-. ftM(s\x')edistjw^imwmt}%i(s’ u ,u'), 

T(s u ,u') o Hitt:, R1ffi#(s',i/') Ua^^j (S’;,!/) IP nj, $ 

bin, (|«|)-bin, (|v|)-w • v w SR S" 4 .EL IX ill (m,v,w) e S' R / = f log, |wvw|] +1 , 4£4 bin, (/) 
SiC/e[2 m ] fcj / tt#—<BP|«HPi!?4#£ 0 /). !0gpK*(A/,;c,z) B& 

M^$bin,(|x|)-bin,(|M|)-M-x-z, ^4 / = |"log 2 (|M| + |jc| + |z|)"| + 1 . &j|C: S't'lR^Ti^AlL/E: 

jSU0.i6 + WWW^#.M.Midra^iiE. □ 

10 . 2.2 


10.2.1 iJw**fnifigKitifeTfl!f#-«t^$(si.3iiit3»“NP dist np 

m (SiUO.15). 10.2.1.lUM. (BP distMP&mXI&sk 

#A^')o jam dist^p ^tpcsyyww 

lilfjtt (S**i5|sit diseWP-^^ttJiAM1#af05ll1tW—fta^iiEig). 10.2.2.2 

teiitmm dist^p #MnH7, £u 

4# distWP ipCBTT 4, II dist 3^CP g tpc®?P 4 1 ., 

distJVy-^^fplJSAWM#tt». (BPdist^P), XfiU$7ffl*H£ (K3f 

irjg#§4*4NJSJtMM). 

10.2.2.1 TOJttBT^—ftn, itfifessBi^jsfnuai-spjaafrniJS. 

4MinEsi (jb. 2.1.1 tf). 


© -Jim. 4u*dist7Vyfl<I$j(iapg*. M dist.^ W/£g^nTf£#^tMliiB7 3 *#:r£. fcijRtfdist^ftT 

a z k w . »« 1 >p & ■$ m m n & » m m m $ n 1i tv m . 
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ii r/UAfi 


10.2.2.1 + 6.2.3 IJr. mm 

10.2.2.2 D.2 4 J M Hash 0§$(o 10.2.2.1 hx§ 10.2.2.2 IJlftSfiliJo 

10 . 2 . 2.1 

Hilt, 

M#5fc^*a ?Jfll TC (JE 2.1.1 t>) ftttifc 

tpc T t; dist ^NT M3£$Hi31lo 

feX 10.22 (tpcPJ-ig distPC^) 5 2.1.1 

BP-76^^/?c{0,1}*x{ 0,1}’. W(x,^)e/??l#^|^^ 9 (|x|)o IhIMhU 

def, , def , , N , 

®SJ*C R(x) = {j> :(x,.y)e R] &S r = {x: #(x)*^} . 

• -ftftymm n ssm^iWK mm m foi &. 

• tpcPJ # 7 #T ^ <7 £ £ JjS it ff't I'a] ft m if') ft ft jt ® '4? ® IS , BP 

(^,{^} )j£N )etpc?J, A RZm&p, \t% A x Wits:misHKisff £7 

p(n)%tf}$k^-v K7/i#xGS*®i+f¥mig^flt,4(x)efl(x), Maxes'* difg£7S 
A[x) *J_ - 

• ft^n^m{R,X) If dist^C, (®SX 10.15)o 

mum, (jasx 10.20) ® 

ftymm n is o 7h h s m® is®® u& , -msr jisjm£his . 

5mmmn%mm, m fty xt mm®mmftft u mt n j 

^ii 10.23 (MSiJWSl'KlfaHt) dist?C c tpcTTTf ^TUX^ dist^lP ctpcSPPo 

IS—^Hk, dist^Pmii^®^nJ!El^^ distPCm^^N^. fidistyCSIil^ISlJl'tTOL 

±fe !ia ^ Xj dist NP 7 7 ® @» 

ffiBjmH: ^a®JH-SP^^7-^a2.6®iiEBa (til«7E^li2.16iiEHa4 J ®^-m)o 

t, ss 2.6 ii bj « m ® m>m tc ® m& «m:Miatj'r j*s. mm, mm 5 e mp, 

#t &%%ReTC &&S = {x:R(x)*j] , X, tI^&#(S,7)!£| 

&J% (R,X) . 

tL&ft |SJ. gpm dist^/!P ctpcBPPiDEBj distyc ctpcSPPJ#^!—^)t^o ®)®ftS 

def 

m 2.6 TC\m^% S R = {{x,y'):3y\sJ.(x, y y)eR}&JVP®Mn 

s» &m«iyMffl5*£*HFfcA x, &ni&%.\b&to(x,/)tomn, 

®Mo mat, ‘Mmmmm'i* 

ftwu&R (&s^6.28 wicj^h> wot—n. gpxTftjtx, rr|/?(x)|^i o 

Jltst , /? e TC m*\% S" R eNP Whtw^JS. (x,i,a) e 5; /?(x) S 

A^itk, mux, n^ixfo'm (x,i,°), «m/e[/] 

( / = poly(|x|) ) _§.cre{0,l}> iatil^JESSlJ 7 f#S^ o’ ^(x)c {0,1}' S ® ^7“$ 

|/?(x)| = l )o ^i4f a#!SftW!JA3KFfiift (Att-iffiSl) (/?,*) e dist PC JS 


360 


$ 10 $ 


(S' R ,X')edistNP, K4 1 X"'fex (£ XT) JcM(x,i,a), BP3#ffiftie[/] 

&cre{0,l}, GPv\xr ,=(x,i,a) 


= Pr 


X H = *_ 


111 


r , c * J'J 7 £ 


•IKtiHftT. R M, ^£3 6.29 


jjg&i'Mo-tftviiisij, bp® r ±&Efei( jim-m wish®. (r,x) edistpc 

6.29 & /? WHtC 


, M# w £[/] /»£ Hash K4 s / = poly(| jc|) M H? #P Pft 

$n®*(x)**. WM0rWW«6[/] \ZkRheHf, nft—Mj;€*(x) 

def , , 

®fAW = 0*MII$^/3(l//). ^J5C /?'(jc,w,*) = {j^ e /?(jc): /i(^) = 0 m } , nm*§flJ*Ml>5] 

W^. it^fi^W^M^A^edistPC !Q^*(«',A")edistPC, ^ 

T)tofc*#EflMW=^(*,m,A) , ift m e [/] *0 h e //, m , W Pr[^' v m /i)) =(*,w,A) 

Pr[* w =x]/(/-|//, m |) (SI: ^ii^a^mrsTF. 

(ja^a 10 . 24 ), 

10 . 2 . 2.2 

(%.x 10 . 15 ), m&mmfrium&ns&zm&tfmm+Wo =» 

//:{0,l}’->[0,l] %J * = {*„}„ eN MUSR^ftaaSC, tP ,a »eN 4P xe{0j} n , W 

dcf 

//(*) = Pr[X n ^x], £4 J 'F^- 5 §-ff-*t3f 

10 . 2 . 1.1 tt^urji, a- 

&i&. & ® iss %- $ ra # * # it m m 5c ± u x m ■& s “ W” w, ^w'S'fnft^&is+Rrii&tii 

aw^-a (^m. &—6W#-«) cmjo 

*&££!. itDc^^^^P 4 fS]dT^#fKjm^Sfa] (£j 8 U 0 . 24 *fta 7 ). »:fcteifirSlfcfcto 

tu «r n % ffl- ft oj ^ w rs #1 i± a # m # si w o 

J 6 J 5 C. 10.24 (W^SW&sampJVP^) X = {^„} neN M C^iWIh]) 4 T 

/l, xe{0,l} , W j = x~\ = Pr 


® $ - d* * # 9< J« * J6 * RIS n& (ft K). 

WlfcXtcJ®. 
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u m±M\ 


[a' | i| = jc] . ffl sampT/PA/^ NP 

( ML?J§S 10.25), & rfff, dist^fP csamp NP. 

^ 3 —7jE, (EM 10.26). 

Mfttfi ( Fill distSV!P 7J sampSV 7 / (l\I ) rtf'Hi, WH// ISO i£ ft -fa f n J IS ff^J ‘ni i& 

ffeo t5fc&j&, NP-^fclB# samp NP distJVP-MM#^ 

j£JK* (EM 10.27). E*b *E^TiiEia0fWS^WNP-^fn|iai5Wsamp^P-5«4tW^^ 

IK* (£raftHt»T. “ fi M ” jtfjfctffl&lft Karp-e^^^^Aitmi^, 10.18 

10.25 (samp^P-^tt) ffx& 5 e 3W J. NP 

W Karp-03 So Mijfipft—A, samp^P ^ttitlMnT W 

03^flJ(S,E). 

iEl 10.25 B£E0fWM£ 

Jig^WfaloT^Sfa]. IK SI u] it') # ft tt ik #1 f• ill H J (A#) MM&o «EM 10.28o 

)£Si 10.25 % sampSV!P-)c^:'t4i^#!;T *'@ WSi&, *^i^iIE-ji1tj ffn^-til M 

distA!P- 7 U^ttSife m 10.1) i^K. WTMflfcSITii—g + sampJVP+*?& 
M 7 distSVT ^ 4 o 



tpcBPP 


sampNP 


distNP 


sampNP-^^[^SK).25] 


distNP-^^fil^S 10.17 10.19] 


m 10.1 


W ft US S m T- Jij fit '6ltiWt 


M 10.26 (sam P 3Vy-^£tt-*3 dist^!P-^4ttt) M samp^P *^7 tpcSP? + , 
WJ distSV!P tpc 'BTT <7 o 

Hilt:. P-vs-NP “*£Htf«g3M£ w BDMNP S3S7- “nj^ 

JK**^jft3S'srtfM. JNJNPM** “ffi^-ftfn” JK^W^MTOlfto M±tk, 

sampSVT-ATrluJMAtl'a 7 tpcHTT 7, K>J d \s\.!NT-itit MH tii7lii# 7 tpcPPT 7 1 0 
ia% samp^P pTW (BfiHUft) dist^P(IPM samp-A? (£ 

SJ*. 10.16 toBfi#Ufc]R*T) A disUVP + W^fnlH). WITO:S&iiEiJI3±j$l0T Mil. M 


flu. ft if J ft 7 ftl17 £ ft 03 &} E A A ft o ftH, SI 10.26 7j iiE nj-j 1 1 1 ^ It / ft 36 H & I ft —ft £ 

tsiawia^i. 

MM: M £u JI distsvy^^-^ tpc SAP ft, WJ sampSAP ft ft 1/7 tpc®77 ft» flj 
10.23 R>m 10.29, vmvEW dist^Cfe^ft- tpc 'BPTf'p, Aftlfo distPC WpT 5R#JK 
*, ill j/ samp PC, tpcPPTf ft. M®MMm03^lft3ittJK*T, samp PC 

ftftteiMft^^ distpc+MaH‘(5iB. mwm*n 
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3ft i« v: <1 te # ft ‘Hi A WM ft 


M£BPnj\ t5fc£Ui±*&J9&M£X. 

IstT WJMfl Sfc*, £±M&-5&£8.11 @ll&^ 

^j£ : ^> ; flJ|n]®(/?,A r ) |lj(r,r) M, aUJUft-n 

m [a c {0,l} m(N) } , x e {0,1}*, m(|x|) = poly(|jc|) ^ MX^tfA x «PRG^L 

M:±.m, iM^T-{^} SSJfciaT&fh 

(.Q fr\J) Sr/S: #&^W;&l*&£ftJ@$!C/?:N-*[0,l] ( BP /»(«)> 1/poly(«) ), 
xe{0,1}* > W|4|^P(N)-2 M(H) » 

lEflltt X 5 ! HMreQ , BP M R(x) * $ , JftiJ 

M t (x,r) € /?(x) , -r^KiJ. M r (x,r)=±, M T (x,r) %.7f< M A x, [*) r, VX 

RWn t& jisfi 1 ^*. 

): ££-,©; v e {0,1}* IkXiM n e N , W 

Pr[0'(Jf.)3^/»(W)-Pr[r w =y] 

x^ + : 0'(x)^JgJ8C^ ; ^±fl < JlffiW.M. T 

ift N, ^thlElifON^fi'n o BP^E^JX. 0'(x) EPf. Ej^lji^-jf r e /^,, #-%JEg MX^T'lllA x. 


Mr, wsitiji«] (3*b io.i6*aiw], CT#e£r£ajMi& 


l(rj)lf tpcBPPJ, K'J (R,x) tii/s T' ipc'BTTJo —A 


wai). 

TOM, BpxEflePC, M#£(rt.Jf) £1(7\K) ft 

■MMmmxk, 

#1»». Bpx*«iAx. *s£h, jft&tJg: 

irn^fiJw^teojBg^^w, (ss#*k. m^m&, mt 

$iw A x, yW*i”f6IfpJWffiM 

&$?. W^xflf, WWii*j&#+ft#£JxMlEffi# CftJglSttMlEffltt&flO. Hilt, 
MxWM. £-M, (BP 

immm$jim<&f2 t $'), swiEM^TOffl r e pc team*. 

?MJ m 0 (R, X) e sample, H {ft - >H§ tt. &N )k (R,X) £J A N M 

(Z?',A')edistPCW!Ja^ "(^-Ln )o 

xmu^#, ISl„4XtM5„ c{o,l}"±.l^Al^ ; ft, _& #£ £AD'J-1H]if #El.Wi£ 

WM//:5„^{0,l}' (n) , /(«) = log 2 |S n | o T-£, m X mt% 1 H ' ,(H) 0//(x), TOf#sijs 

(R,X) flj (*',*') flfj jJ3 gl , £ + A; +l ^ {r /w 0v:ve{0,l} /w j ± *9 ^J ft 3. 


® a.t: (^m^Miwazrw) wi. itaiM, M*stfc*WE«i 

«• cxtpoi'MS) »jy.jfflii*K«rati^irij^wcRffi, 
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ir&u&tt 


'^Ov) = /?(// '(v)) /?(*) =/?'(l W ,(|t|) 0//(x)) ). X'jk 

RR'eTC, Slit, (R',X')sdistTCo 

Hilt, (R,X) distPC ‘fMlRlJH 

SWtefflUtt;) o 

-#«*(&£*»#*£ WltJB 

M-s n ->{o,i}' <n) , ummx n ^ 

^M£s n cz{o,\} n #fii&|s„| = 2 ,(n) ^itH (rn « ). 

#W. #«tt#^B*M^/(«)fcb!|f^fi<]Hash®i[A, Mxe{0,\} n mm^o BPKlULitfe^xM 
^(A,r ,w 0/j(jc)), h ftfemt] Hash Mm H'} n) (MiiD.2) + *&$3iS&. iittg# 

sir feXR'. /?'(/*,r - ' H ov)*t/s7 s„ 4 1 v&h TWJifto f*i£ h ^s B fij{o,i} /(n) e<]— 

HfcSt. W5£jO'(/U"~' W 0v) = .ff(x), x *P£—At^xeS. IA(x) = vW$, ^4’^# 

xe^. njM« jc W3R#gflF«ifflWrtapi®itn.»*ifeiiE. & a ws&ftetfiaft s, # 


4 


(10.7) 


S(l",r) S *j-7$m A 1" WBfifllft r Mfttt, 5!IJ nj WSir^JJC R' % 

^'(/»,r ,(B) 0v) = {(r,.y): A(s(l v)) = v a y e /?(s(l\r))} 

^,r j = x M > (r, y) e ,|l> '*0/i(x)J J^j^g/?(x) fill—fHJ^SPUl 

m% y s(i H ,r) * * w-'HH). a s„ m {o,i} /(n) m- 


wit. Urt&Mxes n &ffi^aim&} h, h(x) £ s„ 7 w^%wl (ms 6.29 

S\]iiE 0 ^)o itfcHt, (r,y) e /f'|/i,l U| ~ ,( l|, 0/j(x)J s(] |a| ,x) = x (SXII^^e^fx) )« 3£fi] 

Is, MT-mi mmheH^ , * X m(h,\ n - ,(n) 0h{x)) ftmttWIt R^SK*,*) m (R',X')W 

mitm*s, 1:41;. 4 //?*>xjr% : ve{o,i}' w ) . mm, &-#rWtf- mm&i 

(Xt^Ax, ^;ti5i6j|pl(/i,r ,W 0/j(jc)) J.) WiJiglUj/. 

xt?mm&m a e //Jj w) , x %s n *h ( x )&a t 

mm-WM < BP |{x'e$ l :*(*') = M*)}| = 1 )= itfcBt (BPAe/*Bt), (r,y) e R'(h, l H '' (H) 0//(*)) g 
3'«s(l w ,r) = X-&J'e/?(*). MMM7 (HftW) iEtfHt&ft. M (littlM) 


*|f 


MB*#f^(/i,l H ‘' (H) 0A(x)) , R 


v -& 

X 7E 


#Bf, Pr[A„=*]*2' /(W) , x WI$1/ 

(a,1 w " ,<H) 0A(x)) SRiT MHIHStt A e n x , ftl x' e S n ^ )„ 

lEmMRWZm, MiRft*,, W3tM /(«) Hash MittS3?tto — i£W 

ItJi “?£#&”-Wit, MM (!U?if*MM&) E4£#iJ Hash {t (BPA(x)) 

'^ij cap*) Mo 4f*iw a, x n mh(x n )tfm 
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$ JO # 


K = 


»fiHiE7jS*li*J££Ettfc#. gift: 

Ift, HP^tf&#®#/(ii)2slog 2 |S (l |, MATO£JS 

o 2g?±i. ***, ffjiMttlx, W/(n) = log 2 (l/Pr[*„ = *])> 

aji-iiaTWiiti. 

-#Mt« 

(“*#”) ift 5 . c— **> i#« 

K, ftxlfclfcl** (*'W) — 

iiMA^BSttWHasha#, TilA 

dCf r iog 2 (l / Pr[^r |jtj = jc])] (10.8) 

*7 (&—IR1jt»T> SAflSS*fB#&#ij miT%, 

X Pt—±®SMS X 3\{h,h{x)) MflfcSf+inA^Hfe^JS.. AM 

Pt—$£7*„. 

4 q (n) ^ S MMtiin.%%., s(r,r) S *fi*A 1” R ft MtHSfc r e {0,l} ,( ” ) fftiu ,'B, 

WM&ffiflUfift* VkM%)(h,h(x),h',v'), A:{0,l} M {0,l} /r *fl/j':{0,l} ,(H) ->{0,1} ,(WK % 

filflLM Hash Ml^f, v'€{0a} ?(WK ®Ai^AMo MSf^JSCWa^NS^ W^«(A,v,/r',v') W 
A^(>%.y) , ®#A(s(r,r)) = VAA'(r) = v', JeL y e tf(s(T,r)) „ 5c if] $#?!!» i^^+JT 

%&fcTmw<iuu%m{h,h{x),h\v , )&m\&nwiWL^ oisffWMW m \v > M7i£& 

±j£ttifc+fiiaxmfrA*, ha, 

A {0,l,-,eg(H)} A ±S ^1 & # / , AMj^#IE^<tWm^AnI^BS (IP 

Pr[/ = / x ] = l/(^(|jcj) + l) = l/poly(|jc|) )o -#■ n #H / AWo HA, 

^ xe {0,1}" (lM , ,M(x),A',v')e{0,l}"’ . A A / e {0,1,•••,<?(«)} > heH' n , 

HeHffi , Av'€{ 0,1} ,( '’ H AfflM^Ai^AMo (A*) !0£<j3j (A,A"), 

AA A in A = {*;;,},_, eN if (ff&) Sir^Ao A#*, 4 

^'(l n ,l',/j,v,A',v') = {(/-,^):A(5(r,r)) = vA/ f '(/-) = v'Ajge/?(s(r,r))} 

b. x' n . % % a x„., (/ e {o,i,---,«}) #> k ft n mir . a a 45 a *„■./ is] a 

//'x{on}'x//j ( ( ; ) ) - , x{oj} ?( ” H ±^^)^^o ast* $p*±, (/?',^')Gdist?Co 


® n HtfNl&HDtW* n' tt’#.'|i.K^' «' = poly(n) ). 

Win. »m(\"A',h,h(x),h\v') mftJW^ 1*01 / 01 ,, ’ h 0(A)(A(z))(V)(v') , Jt4 , <!i y h(w) «^lh-KJJj(n'-(n + 9 ( n ) + 3))/4 M$*J w 
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BPMAx, ±B#jS/ = /,Mti!Jg. ifcB* (it 
ftlUT&iiH B J3W). M0 tWM'#1v\ Jr,^^sfe0!lxJiBt--|![IJIlltA(r,l , ',/r,A(*),/i , ,v') 

fKj-(j|, jr: /»(s(r,r)) = /i(x) a /z'(/*) = v'j * <f> , M.iflj (A' 

&#tfjM'fnv'), 'fi,«^(/-,y)e^'(iM , ',A,A(x),/j',v')r®>£5(r,x) = x5.^€«(x) . mit, 

ii*#* CISteM) (M) 03/ 

ffl v' vx R l = l x ) , A„ ffifc w 3/ (r,l 4 ,A,A(x),A',v') 6<1 I $ i4 I I f 
Prfjr^ =(r,l , *,A,A(x),A',v')] o 

a tE w #r fa *, rtffmtibh.h'ftv', % m x m. x n #} % m + m — & n* #t 3/ 

(l , ,]'' l *,A(x),A , I v , )W<l. li£jr:A(5(lV)) = A(i)AA'( r ) = v'j^, It 5fc > & ft 

|{r:5(r,r) = x}|^2’ ( " ) - , ' > 0jifc, M h' e ft v' e {0,1} ,( " K , r flfi/g. 

S(r,r) = x Jfk. h'(r) = v '. *t 7 A' e # v' e {0,l} ,( " H * , (33?MM£W 

0(2'')^$ rM/!'(r) = v'. HJtA'fflv', 4 S h . y = {s(lV): h'(r) = v'}, J.&ft, MW 

heHjf.xM. S h . y 7W£ h 3/ Hift, MWW A h' ft v', 

£ tf'J x — M 3/ (l n ,l'',A,/»(x),/i',v') W {t , # till & 

:h(s(r,r)) = f,(x)Af,'(r) = V '}*0, £3#iIEo □ 

£3 10.26Hi^7. iP^samp^P^^-^TtpcSyPt 5 . WJtt—dist^P-^jblJg&^ 
JI7 tpcSPPo fcftufcfc, 

MMITWIStt. oS-m, AiftrJg 10.21 nj*P, 

’« 

aitt. 0!tk. *1W7 

&ft: (JE 7.1 7i) M'S7 samp?C<Pft&—&^ffi7tpc2TTJ(fiM. 

m (SXM^7distPCtlfeW«a#MNJ®)o = , M-'Hfcif-fecgfKjtMniiSS®/, 

#|g^W^®^l«m(/? / ,{/(0„)} n6N ) , ^ / ={(/(r),r):re{0,l}*} . —#ffi. 

sampTCVpc'BTTf 7 ft IlWEl W W17 /e S IS W W -7 fa « M # £ 'ft (M A ft . 
samp3>C\tpcSJ’yjf#ftN®(/?,A)^BJM^|pJ^ rfrj «W-fWl 

(JE 7.1.1 7f)„ 

10.2, 


® ft.fi: i'i:/7j {o,i}" hlE«(l<l«f)* 1 f« K. 3 Mr/(£/„) JS* 9 ^JdKj 
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:$ 10 v <-t 


d i stN P ^ H ^ tpc B P P 
(3W&, sampN P^mV 
tpcBPP) 


P^ffJ^NP 


IS 10.2 




^ $ /i 



cje 2.4.1 to 

fmMWff^0£bo - 

(BPXJffljftHSaffTTOWPik). 

ffiKfilM (IMSIiftWMi)c it#KiJ±fe, fl£i£#lR]®tSc#£Bt, ftjgg$MNP- 

(«) c#j. 

&±«££fS$M#Mra). i4-^±fe, Jifcfft, NP 

3®Wo 

10.2.2.3 j£fe| 

»‘t , »«7-»15Ift <£e*MSJM-*£ifc>. 

mi&Tftzmtw mm mi^-mi 

ft (*££M£##;fcitt[179]). 5ltii#S|blJB*j5lfttfl«IjggEfiff^e-Sf??». SSI Feige, 
Goldwassei\ Lovasz fll Safra l73| M7 “PCP (JE 9.3.3 U). S$±, M 

x*im&, u %m n * Haastad 1 " 6 * 1171 

pcp (innrja## 3 t«[i 6 , 15,29, 74, i 85 p. 

&l£iife. M 10.5 *gf#%Jti[l 16], ®M£H 10.8 mfeM 10.9^gT#%3t^[117]o ^ 

(JE^aio.7), '£^§7#%;a:itK[69], in 

Wfi». M1>J^10.7, £+^f87#%:fcitt[179]*3|Ato— 

JBM-*fctt&i& ($n 10.1.1 ii#RTWM##^[i22]^ife^(^^„ 

#%:fcitt[64]+&HJ7 NPttlfcfaJKfcifc. 


CO tiiHTMT##Jj«[244]. 






fWife7i£#$i£fclftS. ftjftTOWffl 10.1.1 7 7ff<J £ A fli £§ A MM Hi i+3& M Mg $ A ik 

m&m<i 

flt£t&$!!lll¥-& Rubinfeld #1 Sudan [l951 J|!li, JS$t5L$i Goldreich, Goldwasser Ron ^ 
A !97| Wr£/lS. ##3ti$[i95 Dafa&£m£.. ffi##£iftc[97]M^ 
fflifcttJR (3ta 10.12 5|g##£i$[97]). ##Aitt[l03]^3IA7WM$tWi6M, & 
m 10.13 *£-£7##3t®([42, 103, 104]ff WSSife. i4 y hf5^W^j®nrWJ8.#%-S:iW[77, 194]. 
¥#««*&* 

Levin *¥^^7¥±&1t^S^ [l54) . ##JJfe. ftilM 7£3 10.17. 
illt[154]-HHW$&, ^M^@fi < ]Ti#l^ii#%^:i^[89]4 5 W^, «4"MW9miL«¥#7 Levin 

*&ittwsx. mi&Tfetftmm'kx mmmmru 

mm)o 

10.2.1.1 7 +37?iiij. «F»ja, mm u Mmum f 

t£” W£A7lbJ7MM #&&, £*^£ifc#7#flc&0iJ, 

itt[44]+—«HH»W4#0!I. 

£ 10.2.1.2 7*. afljfilll, M Levin ft^fr)i6£ [,54 HiT.Bj] 7« distftfP-££|n|B (JSL 
£3 10.17), ffiMflJ 20 £^)g, ##^[158]*ffil!l!70rWS$M NP-^£faSfl5#£ 
dist^V!P-^^:!iSA ( JEaSS 10.19)» 

10.2.2 7Wffi5!ii;l:##£l$[30, 127]. £#%> £3 10.23 (M^flJ£lJ£|p]g&<J !£**}) 
3fel=i##:fcitt[30], #%3ti^[30]4 , )7'7lA7 samp^VT^. ##Ai$[127]iiEBJ17£a 

10.26 fl<J—>NS*, Htfnfi?IffiBJ*ffl7^4 3 W©i®, &-^£3 8.11 (^[118] + iiH0j]) fflffiBj© 

Mftlil, frill samp7^P4 J/ &'frffl>f|a]g5i, HlJdisJVy+&#ft—M, 

sn s u , 

(ja£3 10.19)). «FEgjtsw^jjeNH (fri sat frc®) 



10.1 (TJ5CTSP) *M7;tMg, ffiEWTifil&NMNP-MM. *££—AfflSi^SE 
MMrA TSP /, Attife, 

iiHBj]^g(/) = exp(|/| 0 ’ 9 ), 


7K:f'JfflM, Hamiltonian [PlSftflJ TSP &£0!l G = ([«],£) A 

frilA Z> = (</ fJ ,) / - itU'Pi { 1 , 7 } eE R d u = 1 R, d LJ = exp(poly(«)) . 




r nxn 
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# i o v. <1 U £41 4i tfj44 it 


10.2 ( tsp) tsp m&, m 

2-HTOW&« 

®&®, AaMitmt. (-&8 *&»mw 2 &). 

=ft*&£fcvETMi£ 

10.3 ( £H 10.5 ffjUftJS* tfUffl &S 9.16 M, 0<a<b<l,$E^L(N) = N h 

W.Rs(N) = N a H, gapCIique, A 7^ NP-lS4£fB. 

m*-. j^M9.i6ai3g, ifflrMa§ti4s (^8.29) #31 —^pcp *&, m 

i/» fglss- 

!0£| (AIM 9.18), #ffi*®Jxttlftj»ilJ->ha«l*poly(|jr|)fl«lffl. ^ “??” £0ij 

ElW#IKtM'l>&|x|M0 : F. 

10.4 10.7 MSHfcJK* ) MSS 9.16 ffiflj, *f£'N&$C0<.s<L<l, IBM 
gapLin tX ^ NP-ffl^iWo 

JItK: >i®: #SS 9.16 ^AIM 9.18 +g^p-a, H^’T/tfS'f'Sifr/xl , gapCIique ; s J1 
NP-M64, 444 >L(N) = b-N, ffis(N) = (b/2)-N . Mffl> 

*, lf#I. 

10.5 ( S*1 10.9 MSIfllJK* ) MSS 9.16 M, S0.5<5<L<1 , 

gapCIique L s fk NP-ffl2t64. 

SMSS 9.16 MS 9.21, &St|SlJ8 gapSAT* Jft NP-0® M. ft®. BP$M 

(*—S^W 114, 2.24+ 64 

£4, #&®HJ, Mir, 

64, WirTWM. 

10.6 (^ PCP B464§$^nJi£M£) 5 10.1.1.2 1?4 , 64^TC^tt^i6M. ffi^in 

TMNM64NP-^£ttB4, pcp NM&tf>J^GF(2)±64“&3r*S*a (in 

aim 2 . 25 ), “M” gmxwMMxmm, u w* 1/3 

IS*: ill AIM 2.25 

fSCBUKft^ NP-ffl7®S<j„ (^8.5.2 14), teig±&|B|Jg§!|g 

(je 9 . 3.3 u)o M-WS&, m^rn, um64££s§s 

^Mt¥«fHl4^poly(/n)^ rn tfc#$, ^S: 


P&Sv*! 1/6, #M~i/3fflo.5-f ttHB464HI 

He o 

10.7 (iiiir&®£S&£|6] (Multi-wayl^^^J^MlBS^MtH-^oIffl^^it 

i£'fWNMfBJ!Q£464££4i ( Papadimitriou 111 Yannakakis |l7 ,| )o ^ 7 gapSAT ^, S NP- ff:| /#. 64, $, 
tf]64 SMffi^inTliitfaMW NP-0*H4» gapSAT* c , M gapSAT^ 64—## 

M* JS£ttlfeRS*3CNFf£5£, 3S4 , ^HE*££tH8WEc > H 1 '6U4 3 , c(*3*—#) %%$ 
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iir/u^fi 


ait* 3 sat (jti. 1 frja 2 . 23 ) 

(BP ^ A Ml £n 

MMSI*) Wllffll (JB.WftE.2). Mia, %J MM^z (1) ,z (2) ,--,z (m) W{i+H^, Ttf 
ft {/j} e £ , £+£ m4&£r&Htti4fc. iEESH 1 #* c 

Sf>0, fUlSfftB&tfft gapSAT J, gapSAT */ » 

m*-. d-iEjmir*. 3 cnf 

2</ + l 1^04^ 3CNF. aft: &&. *tt 

j&ie^jiRris&w. »ij!Q««FMWi£^:*JiRrasj£W. %-im, (*w 

ft) ft<jfI;t-#Mr'o z W'J 

atfcwwas^. 

10.8 ( z&m&ngm&mm > 1/3 wffiflijra&t, £»* 

&ant ib]^/&. bp m&Mm)] n mmy^Mianto 

&*: %&E.frX„^Y m , %^X n (SRy, ) &lf3't^'^L«/2j <^t|_w/2j+l > ^ 0 fi«I » Hi 

*M*ft&ftM&£ /<=[«], & a, (mY n )&i ±.m&midfr x ; 
(s£y;>o iiBjA;^r;6fimtsg^±i5a^o(|/|/«)o aft: fttts-gi&airfimsMfts 

10.9 ( £m&— xt»wisirtw^#»«)ijE?a^«[«ia (£&x 10.11 wftjscr) rts 

£ Jl 5 t—rt A 4 - WflliS . 

10.10 (cbij 

*tfl-ft£>0, W&afti&ftMft&s, #aE#£^r,(s)M¥-/LftJ&). 


(l) 


3P pfc PI o 


3i| PTC PI o 


PI O 


(2) Hamilton 1^ 

(3) Eulerian 

mm±, vEWrt^mwmM, ®^r s (s)=t . 

ti^ cm (3) Hi: afta. -Mit. ft^s'-^s'a*^ft3ifj®TftRr#i«w. 

^n^#£'ns' 4ffi^ftj9fj#TifcftRr»ittw. 

10.11 (tpc'P ) M(S,*)<=tpc:P A, f$# 

A(x n ) 

10.12 (tpc^^P-tpcy4fc£N@(S,jr)ftJ£S*ftftfiM. m. 

-fflfflx = Uo 


®7K: ^5 = j0^:xeS’j , K4S'&fIft-4 (#i§!fi) 


; rz ° 


® NBHtOittWftT. ft -4jfc$gff.«)*tll«lit. MlttiSM -FSrW@J*rr««. ittATttWtflilJ***««ft. $>m \- 

*FF<3. fl^iSSf. ft:«» z (,) ,z (i) ,-,j<"» #«9JII?<JJ z (i > V -*< i+l) A z (M > V V ( / = I,2,~,m-1 ). 

NIS/fF, /IT-ffl# F* 0 «mT» -W«<ft 0 ri*/ii. K&ffl|*fl<j«<fl 

W'J HZfaB.. &»*■». 4fl* -W)KtfLffiz (l) =- = z (, Uz (w) =-=z ( " ) , BiJ^74-zfl»lWW@J^«l^M'zlA6fi$flit(jTii]>t ] , 

R-fj —t-JS^iSALM. Jt'f'JitffijS {/,./) e[m], »Jn F^z (,, v-c (/ ', SMF.i££iifeP|t>ffi:£, 

w r- tij a k »j fig & w te r- ^ a a nw*. 
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■$ io <j umi 




10.13 (tpc T5T -M#ft^|HJgS(S,X)^£SgP, Rffjft&M 

S X &Mk, x = u 


m*: , mMs'eD TIME (f)\T, 

^Jffl S = jO'^x: jc e S' ] f „ 

10.14 ( x = {*„} weN 

i*£WTW y NM ! h 

(1) *Mi;* rx, BfilTL^m f(u „ {n) ) -*5 ffi M . 

(2) Xt&Mn&iiMr' <r" e{0,l}' ,W , W/(r')^/(/■*), 

#*: 5fcil!&iStt. flg«;r£fWKJ. 4pM»Ax, 

(AM 15 . Pr[x H ^x]w-ia$ij«^j$^a/7(|x|))o ^m^o.r wain 

lit ) tfg I’b] [Pr[*„ < x],Pr[*„ ^ *]] B* , £ X f(r) = x , hK ffi] % M M M M @ %L 

/:{ 0 . 1 }^-4{ 0 . 1 }-. a,tsy. mmx%not 
mar, &mm, ^^.t-^i5T®^it^w^^^/:{o,i}' 7( ' ,) ^{o,i}'' 

ME fa. 

10.15 (ftft*3!£MttnMttMN!B£r) 

RS (5', A") S.(S',A")e tpcP, Pl!|(S, jr) tfe/S^ tpcPo 

#i5*Tl§ffto iff. m ?T[Q(X n )E]B'*<p] £ —^ /> W) oT^Jffl 

Pr [y e 0(* B )] ^ p(H) • Pr|" X b ; = yj URMRM y e Q{x) , |x| «= //(H). Afti&T Jf- 


+ **• I^Ptbefi^)] > *±R* 

X„:p>)S„/ , ( m )- Pr « MB&W). 

10.16 (fiH^^Brjintjsiw©^ > 10.15, (hp 

10.17 OmfeX 10.16) 




10.18 tfttMSeMP, X, &nmfem2.\9 

=%J® A' = {X„ } neN , 'fi#Z„S|0" /2 x':x , G{0,l}" /2 J±i&'^J^-^Jo 

10.19 (ttA9l9ftgjg)iiEI8££|3ia (JSL^S 10.17 MuEBJ) 

(1) -»[o,i], s.>mims< x *e{ 0,1}*, 
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iiviMxn 


a»£{0,l}*±£IMI#«M (BPS*ffiSU'<*'e{0,l}\ #//(*') >o 5%. 

a 10.17 WffiW^lRl. W/i(o' ,+, )^//(r)<. 

def 

|C^(*)|^log 2 (l ///(*)) , ffi]^^|C /y (x)|^l + min(|x|,log 2 (l//i'(x))} , ^ 4 * /j'(x) = fi(x)- 
ju(x- l) O 






10.20 dist^P+^EfnM(5,^), 1. 2.19 

ijE iffl 4* W 03 £l # % (5, X) 03 £j PJ ( S u , Y ). 

H* : #fg r = {i;}„ €N . \tn Y„ (m,x,1‘) «•, = Pr[^, = *1 J#jEtt 


R ±4 , MUM (m,x, 1') , W Pr[y„=(M,Jc,l')] = 2- |M| -^/[" 


\ 

) 


n * 


def 

n = 


^A/,jc, 1'^| = |A/| + |x| + / o S£b ^M = M S , t = /? 5 (|x|) HR nf^ Pr|V„ = (m,x,\'^j =n x , 

=gJW, 4Pr[r„=(A/,Jt,l')] = 0. n^M s mP s tf)%.XimfeM2.\9o 

10.21 ( 4M/I PT^iB'fi ( Markability ) RMM'BZ*) ) 2.30. □“ T H^OMI nR* 

ififK). £n^#££JMiWfs]^-i£IS m, 

(1) e {0,1} , M (z,ar) e T z e T „ 

(2) M'tt: *H£®|z'| = |z'|,&a'<a'' . WM(z>')<A/(z\a'), 

(3) 


® Uu% z’ = z" &a' = 


a 


® Jp*|z1 


K 


a 


< 


a 


, P!ij|M(z',«')| = |M(z',«")|o 
. RiJ |M(z',a')| < |A/(z',a")| <, 

#£-®l-l £JRjS/kN->N, flMfft/lfflzeUUo,!}'. ##r e W0]’ 

10§aE.|m(z,1')| = p(l) o 

HU'W®g5j< (&# (3) 40 ^7|A/(z,a)|^|z|^P|a|W —&M a MigiU So if 

&M: fc# CD MZM 2.30 m&n (2) ifP&# (3) £fr&#. fiEH3$n*£ 

#S nTW Karp-fi^*^-^ T, ffi T 11 5 PJ rtt Karp-!Q*«I^U|B.-KJ$^ 

(iPfigrtSS&lfrJii 10.18 ttfc#). 

Jt*: ® SPJ T ffj Karp-03 £3 /, tftfff'J—® S PJ T lft-fcJg'F$!Sg| /' OfttTifi 

y(jc). (i) r®)o it# su i&, oT w u ffi $p n |r| > jjc'i, mu 

|/'(x')|>|/'(x')| 0 t —p, mmn c&rt#/•(*)=■**(/'(*)’*)’ 

(i) *n£44 (2)). ® 


® -m h. *# (2) ^ftfflSE 

(W&|/'(jt')|>|/'(*')| )• 
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•y, 10 


10.22 ()ffi«fc£-^a^ft#«nrtoiaw (Spaih 10.21 >, 

WJ'B&'WiaM (in3J®2.30). 

$S§ tk : •$■ M ?jk #• # ifi J¥ ?£ o Xt ^ ^ # > FT W fx tx A/ A HU M > # ^ J*C 

M'(z,a) = A/(z,(z,a)) . ft®: J^ft (z,a) njffl — (^0fW oJtb W |z| H) — 

JRItRT. vSMW&tfl&UU ^ idx(«,w) = « + ^" = + 2 '"(/-l)^(rt,w)^ 
tt3*0rWlE«»XtltfM$3l. /> &&#<!>. «yS4M'(:,B) = «(z,C #|) ((r,a))) 1 

t(n,m) = <a(« + m)^yS.|A/^r,l ,( "' m) )| = p(idx(«,/w)). _§.C, (.y) 4§7K>ft l Jffl (ft 

10.23 (— S^iUTOiBWH^)##^® 10.21, Karp ^T-NP-^^rttW^-Mi^i 1 ' 381 

^nmr 21 -^np-^m, xffiws*#. #jssat 


.A. 
c n 


> IS3-pJffett 


M*: Jtt^SATlSJfi. <0J£M) 

iflt^ 0 ^Py/, , -i.?W'y£.^ 0 <^1 = ~ iSrfrJ^ cr,cr 2 ---cr m e{0,l} m , 

M (</>,a i a 2 ---a m ) = i// crt a-a^ , Kft ^ 0 fR (^, 4^ <t> 4 1 « ft<1i: v a \ 

10.24 (Bitmap > m 10.2.1.3 i&iH^jaiaraBSttjQftftOjejsc. 

(1) 10.15, 

pj^»)o &w m#mis(s,x) nrwfi®4a«i!a^iiij^^fnjj®(s',jr'). i. 

( S\ X’ ) e tpc ???, ffllj (5, X ) UlM ft tpc 'BTT* 

(2) 10.16, 

1/3 flAaJfti5frft£9i5SBt0. 

(3) (&>j^ io.i7)„ 

10.25 (inf# *? —m-sp# > 

fnJrt^#o 

$1^: JEaIM 10.14» 

10.26 () mm? stm 

X^ftHlAr, &J / >J$i$i(x,y)e{0,\}" 1 x {0,1 } pl " 11 , (x,>») e Pt^iHj xl, 

SJWJ. fttHxO. ftit: #/?(x) = l H+/,(H) -Prr^(l W+l ) = xl 

10.27 ( NPC -H-SP^[30] ) ffi0^iPmS„ TO Karp-J/H^PJ 5, 

pjj # ft to ^ sift w i r] to ft w w s 0 a, m% dist 

a*n m*}%{s,x)o 

lift: S u m S Mmt}&*S&{S u ,U')'ti#]% (S,X) . % 

%~mw6t, w s,,m smtmmt}&im #iiiji3&fflftw*#«*£i6jitt, mi 
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i i t/a aw- 


5^i5iJ^±CK]—(.&*:£/'£nT5R#M (S^S 10.25)). f&Js&t&Tk 

10.28 ( NPC H “gp# 1301 ) iiEH^^S 10.25 ( BPM S tl TO Karp- 

\)-m% S, & ffl ify a UT' itrrifnuA, JftJ UT£- AA M ABtI b] WM #tfj$t A Al‘a]X flit# sampAP 

Afl- U M J&^im*!®\(s,x) )o 

m xir-s=s„iff»TOn7£&. 10 . 27)0 
AUn, xd-^fc^h TO#M«lTO, ffi£(S\A").esampA3P 

nJ!fzl^^(S,„X)o < AArfo A' 

t/' & w >. Mit, x ={a„} ; i£N a % x„ fomm&v^y&n / e [«], 

(fSism-JTO Jf&aHMftArMilfT/t 3 ^, 

^AArtAtTfABliuttlO" )o iiEW*SttM(S”,X")esampM>, JLA" TOAABH'bJ ft*#, S” 

Ms u tti 1 fcife 0 i&l&{s',x’)tetb%(s.,x) (iafeX 10.15, wmm, i*J££FEtt&#> ®» 

MlS, flJffllE^W±*Mfiic(^,A')esampA!P!l3^A^ y h(r,A'')esampAiP, it% X" ^ 

10.29 ( W!#3Mf £I£|b|II ) iff .W sampAP A iff,1tI«JHfflA sample 

M samp PC 4 J {1M |uj «=£ nj £1 |$] $1 itj} i)r\ % sampAP AW^Al^iEllU 
U?F: JE)£3 10.23 WM. 


® SM. %m It 'MTlSfc <& x, ftfpfeX't') feWSMSIti. n 

®Mj'W (S-fttti, HJWiS#® / T*S£A p t . AS P, n W^miMIMeT). *«Ufe. » J 

(ilS-l'JiKteW^JiSiCSScMW^P) teffiaSfi.fe. 

© ww/'j a" wawe^j, ww#si-T@&4:ft3wifijrt*«w$i*u. a hstW^pjait— BPfe<*ti«jWigfTWw 
'J'-PS»ftiW5L^Wl'£i] (® > *£JiiIfT ; H6«:W|S|). #J.$&tti&Jifcfc*&A-|Sc. 
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mm a 






mm'3>, i*#5M#aHftT)W»#IEi. ii3£JtraSfcfi&MiRlH*a&to. MAIM 

^nrnifo mm, aiert^m#: ^mnmmm < w a m #i m h* h m $ m m a tt) s 


Btf6Jg&tt3S (*p P, ^P, co^P, PPP, RP, coK?, pjf. P> OTP *q JV2XP) *n 
SfUfijfettW (-C, JVZ\ R£ *0 PSP J4.CE) &m?/poly, IX&ftTC* 

m j^c*o 

Ni£ Complexity Zoo |l, _hti]‘liJ,#SlJi^F^^jlllM^'l43^6tl^J<C (&Uit). 


A.1 Bi & *0 iR 




\>±Jk s 

iaafijfflT^Nji (J& 2 . 4.1 un ma®. mm, ie 
nno^WHA-^nyes^W^iAE^^, (n yes , n no ) 3fe^ffljS2to£|^|H)H. 
MM37n yes un no ) ={o,i}*£fl#5*tit#L Jlfcil*®—ft^F/Ljfcig. 

i mmm (-mi) na aa 1 . 2.3 u) &— 
attw«feE& (ja 1 . 2 . 4 m. a® “#—mi” 


ft 






(^JJCM^G)o M, SPRUIfim, K 

m+w^fRiaaiRr “%ft” mmmmm* a m- n M^nmmm^m\t^.mm^ft^ftn 

mmm&Mg&o @jt t, 

ft® mm 

mm, mm^jm.w>nmwM 

WfB]|P$fH] 






_ I e. - 

HiJ 
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(— g(M) !?>/£■ M W A A IE M ^ ?h M A if y£ M A M $( (BPnMAfilfet'k) fnifffi/rf^ifl 

m “ a#” m “Uh^M” (BP'SMsrajg&j®). &in 0 m sfw1 0 u% tt m m r v> np. 

co NT, SP?’, RT, coRT, ZTT, TEC, X, TXT fP NEXT, Si 11 $ W M M 2t H' X> 

^VI, 3l£ fll PSP J4CP„ 

JSX. HWM “co” MSM£#§ <£JS?tt|S|S> «^*HrJS» tefftftift, S-B1X 


^(n no , n yes )£ C4*W. WSn=(n yes , n no )^EcoC + o #»J£, ^.&lX^£l'S-{o,i}*\s4 , M$; 
RnfeRiftmmx- cm&s, coc^o ?m. conpwcort 

m>m RT Mj£Xl£#ffl*o (Symmetric 

Acceptance Criteria) ^SCM'SE^tt^ (#P#§a£ 14MfXiifaisHSfitflM^c) ?t#^lT$flJikM'fflM 
(in, coP=P, co2PPABPP), @j)fcSW&tti& “co” ^-Wl1#«T (XMM JUT) MM 

A. 2.1 

(in p, .mp, ppp, jipipzpp) Mta^M^fF#}, /n®M 

iS TEC, X, TXT NEXT $k* 

A. 2 . 1.1 


V? JEMfi&tt£Ji2.1 ^AMitM P#P .7VPo6.1 


M^ 


p^n np 

t cia^ttW) M*j£fcis. 

p >fn—A (fil^ttM) £ M A fft fnj if rX v ft # W T W R i& A. N ^n=(n yes , n n0 ) 

M^-NP: 

(1) *H£j§Mjcen yei , #&.ye{0,1} P(W) . Mv(;t,y)=io 

(2) MMM*en no |P.ye {0, 1}*, w P(x,M = 0o 

mR&R (1) M <•*$ X M) NP-ilig, &&, #?cAP. 

MMfn np ^^ri'niM ( npc ) 

in * ■—t (m is js n 1 jvp . # e. n t m x- NP m (m s #p nr w & £ j® ^ ® r b] a m m i y & im m , 

3|34^fn]^M^P-^|pl®, RTfigittMJfcjUB. 2.2 D'o MM, M.N 


nfij |pMn'M^J®iWlBj MM, 






WWITft. SMM^MiitfWfBJWA^feMBtlBlS^Jto *M±tk, np-5u£N®M>& 
MM®$ij^^ai^>hitii'fii^ttiM^M««T^jJCMo mmm'Mft Karp-MM, eli^m 

®M(tfMnM “yes” 'A^MMMlTM “yes” (|POM “no” 
^Ijfijn-M “no” sfefcl). ##:fcilft[85]+fllltiTAH+NP-^:£fi| 
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mat a 


( bpp, Rpfnzpp) 

a ^^TEW^'lEr/it, M'J ffcPJ j tti’ u JSn=(n yes , n„ 0 ) 

JMT BTT: 

(1) jffffil&d^nyes. WPr[^(x)=l]^2/3o 

(2) ^fflWxenno, w Pr[^(x)=0]^2/3o 

1/3), ^t>TlUifiili£ft3fe«d>. gMMJi, ^ BTT ^ 
HM'FM PPPJi^fe^-ii/VP+o l&72JUif£i?y£ PPP, 3£in&#fg 

Tjrm ztt a m 

A FffiWAM, K'Ji»Mn=(n yes , n no )MT T.T-. 

(1) *N£itltt xen yes , yi/£ Pr[/l(x)=l]^l/2o 

(2) ^fiiWxenno, Plp4(x)=0]=lo 

7&, TTcBTTr\NT, 

iW]J?& A, (“ 7 MM”) ff^±, m® 


n=(n yes , n no )lf ztt-. 

(1) MEM*en yes , Pr[/i(x)e{i,±}=i]=i ^P Pr[^(x)=i]^i/2o 

(2) MEM;ten n o, $t£ Pr[^(x)e{0,±}=l]=l fP Pr[^(jt)=0] ^l/2o 

aEfJ, TcZTT='RTncoTTo M ffl /£ i£FJ IS A ® M & A sA ffifiZmmWMU 
3§#|5#£^£|5|@ (AP Karp-APj), fflA{XAfg4$itPJAftSIM|n)#JP A £P M (ifiist^F 
>LM^)o 

#P PMM*t NP-HMM«RSMH?MM W £ 

(fiw NP ffiSflfjiS) itmtifo /*&&&, «#&£«/> *P-A (fllfctt) £JS>iW 

raim f«sj£/x)=i>«{o, if": F(x,y)=i|, wijM/spm 

#, ^M^l5£^{jc:/(x)^l}WJ«MJi^ ^p. M, #P ft M £«$!'§]*-£ Jinj 

«. ^iH«Eft^i^w«{ts#y^w (mp#p, 

& £ j® it B* fa] ft !Q M ft ® ft JS ). 

p^&TispMMA WUf 8 #J£ftJgn=(n ye ,, n no )W£s 

RvEWMm: 

(1) MEMxGn yes #i£-^iiE0^MiBSP, P 

M# K&£«£i|fe. 

(2) X, £a-^P*^nJ5, 

A'W. 1/2 

MMMfP JP, PlWp- TSTA.CT . (#J& 9.1 Dr.) 

A.2.1.2 Httftttmift&ftgll 

3^» PA PAP AP/M |pjJBAgijUJ M A|'hJ 2 0< "’ *q 2 p °' yl " > pt-j^^C jjfl 

M$P APcIXP. TO, tkilSiJT APXP, T£ftjfRm*JflMNtj£M 
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(inu/i-cfi 


^ w i«j am®. 

— MaM at|Rj;t#5MfftlUMftl 

(BPp, exp(poly(log 

1 OTMS1I). 

£Jfi£WIWJia (P^F 

Mga *, /tM^NMn=(n yes , n n0 ), <£##&— 

p m— FifijllJTWt^: 

(1) *M* ftfcj xeriyes. #£ 7, e {0,I}* W) , y 2 e {0,1}* W) #£ y 3 e {0,1}' (W) 

i^filW^efO,!}^’-. MaC. F(jc, y„ ^2. yj. y 4 . -. y*)=l. W&ftfc-S - 

£ JStiHj 0 • 

( 2 ) jttfj jcen„ 0 , MM (*fifr££to) 

imMfcMMy 2 {0,1}^" &&y 3 e{0,1} P(W) y 4 e{0,1} P(W) -, F(*, j*. 

^3 * _) ; 4 j " * » _Vi:) 0 o 

Hcf 

(.an, =co£ k )• «±. ^P=2-.ffiSa 1 ^=i 

W®M;i 

A. 2.2 

(ffl/Sife. WT5SX7 




km (BP^i^ttw) ?m, «ijNHn«£+. ®fsj#witsrRiH (*n$epMiffi>, 

wttM*. x^-a-aue csisn hmh^rh. 

• 'rl%m 'Eiwti r? 

*n mm. immms. 

• ATLm&rmmmfe&mm, ml 

k, XX^.% 

‘fjg-^raas^M w«wg, coml & tml . 

• ?s?ACEm&&m&toni$tMttfam£Li&. m m r«j h. ixtm 

HM “iff&2 JjWfM” (HL 5.4 t?) itff$MlH&o 

MM, XcKIcMc? A NP^TST ACTcTXT* 


® &nrWWM.^^*^iJv •t«r»»«j£.SC. fci5fW-ft WWWMffii f'tmiuTW'hfcttfieWiS*. WJHJS 

n=(n,„, n no )W r nexp : 

< i) x€r^, -fr-rt j-€{0,i} 2 '"' tt/rm. ftft n*.>■)= i. 

(2) Jftt»€n B H#t)i£{0,l(' tf K(x,>)=0. 

® -^wwife#ja5.3 w. 
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A.3 




Bt^-A U.'/HUSil 


X3. 


«J#). 

j&l£73l«7ffei£ltt C-^iiW^W) ««£#£. 

(P/poly) 

)H3®7 (#—SSctt) ifeg&(PjMM7^W^]DL^^7#^Tffo Wtn, P/poly & 

aji prpj-^ie^o ®7£, \&w T/ P oi y 

mmitT t*wp, m-#mn^^mm b. 2 . s 3.1.2 * , &sai&w#uir *i§^r 

&7 T/poly &}%-mZX* [sjBt, MiiJiP % NPczT/poly, JtyJ TJ7=X 2 , 

AC"fP TC°^#t 

M B.2 .3 /ic°. i5ElfJ^AWHf#i*JS^J3a^««l*»Rril¥«iNH^. ffl 

PC 0 ±BH (Majority-gates) (SK^'fftTlAIPfin Threshold-gates) 


AC#J NC -7^ 

I70SIJ <-,. vfPAltt) &?££±3fc, *J7Eit#«$U, fflAC* (AC*) 

w (mia^)> mis.% o(io g * «)W^J3i^M«*j»Rr»wfnia, KtdiiAM. s 

M 

m, NC* C AC* C ATC** 1 . JVC*. 

A* g 1% 

-3t nc^^nl 

m mumvxRt- 

HH. HS^c°^7*-Bfri2«Rr^WWR^W^rWJ«tt. 

(iPfflfe#* 

7C$WWW«). Wit (OTi) *»WflM'#fc£Slfc£i*# 

-7£ffi5SB*ra#feW#£ttftJ8. lV V/ ±m « 7ffl7*gft (BP«¥2fc-KJ#A 

« WN«$09W*!»). “-M” (nfo7 

M 3— 7 # i $3 - 7 ;£ fa]& ftX?fJtm)o ^7-ict4M3S^jm^ ( toAt^7l'ffJoJ‘^igtt) M 
ac *p nc an^jisHigM. *h&£E]—nc 
& 'If 7- I'u] W # *T 31 & ffl ft fil o 


® tt»M. y/poiy 'pttfr— 
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VFB8 


i£###, «&i£7 0 i£0+^^, i&+*H’!*-tf' 
%&&&:, 4L#*tbM1ftmWo #-f+^#dr, #fh 

£l#dr, Ai$}«, 

«*«*.£, *t*UM*, it t A i£ tUfHt £ -A 7 'ff!® 

J.W.-ffe^, #i#., $ 354 # ~ % 364 4f 


ft. itj®7*#PS^TH|:rRlJilW(SIR*!lW)*»fiB*WTIf.iinrtttt^—l-WM 
^■Kaa^WTHai. 8— £wn&&, isMgiSa^w (sps^ikki) 

W^STf. MP*coNP% taSSfefKjiHaJ. 

sm. m p-v S -np> ^muema, w 

%.m t. it# (ffi$) “ttrtffiQ” m&mm ossm) 


B.1 


# *P iR 


Htt, it W %WM g ig(ftiff. m , 

(Dag) 

2.±towps*hft. 

WIrJOTS F^ -TO^WlnJiiWW^fcFxF, & 

g M$&A, g (ftiu!i}o 

X*fflf£-*R*d. 4-&+$^Sj6tolfrAi£*£fc2. 1, 

gjg, is^iiiAaa:#iPis&gnTii^^^^o 
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:fU b 4#h'K 


AAt fwi A tfi ft M n;ril- m. ft7J tt\ it. M|*| WJ njltAWNX If 

|*] (AM65AJF&, (M^ffi/SWMS!'J))o 

• AHH+#&&, f*]SP*i76S^7 (WMX®) i£±- (-TC^-TC) W®ic»iBo 

^idinWIS^^EfeS&o (« 7$jAtP m 'MjtB) TTlUit##! 

jasaLtwaffc n m mi^^u)» 

• *hhiE0 £. Atx (»*&+> aswtt 

asMt. jp*ffls&^ffi»fl*^+w^a3i£ifeiafflw»A, ttfcifl (£#rW*£/5±fKi) Sa’jt 

17?ijo ilifiAX. *rfa3EJ*fflWn£—Mtf 

WiiEf^o 

ffsjtm. 1.2 jtxwftT# 

M-2 'MJ®1SW1#». $W. -^i+IMiMTOM, 

WrTII&M “$ho A” (ffi£E»|Xt#§#*TO “&A” -&K). #j$p, 

ih#—^wpaaft, BP^wpa5£x^±Maf[ (»am). »*&, nsfiniw 

^S5iJA)7it»MWiSiA-fe®±^jw^xwaic. jB^js-^xr 

AKM) Wif-*ia#85M. S£a«7#ft«te:MJ!#:± (4 1.2.3Ur+ttifc) W£*itkr 

7THr«awa*. M. S^tflWTM^I. ifeW#M#SiJ 

#j/££: Mini . ifi-Xit, a 

raw, 

b.3 mrmw^ 


B.2 





Aj#rMA, Slinf£* (Sit#) ^#tfiWiII2UMfttiiJ$l!«-:7G«. 4 

£ft'l J I'Jltjfftlt ffiiHT —t >74?: Incomplete Basis)- tfTcik 

(#»j) At-n> sk ca^x* 2 

mt 0 ^ 1 ^ttM) was-kK v,-,}. 

f„^x-Mmmnmmmmk ww.), Jkntmm* mmt% 

def 

—Tft-s. Atytx) =/ w (x>. -»siw^»r»fttttsiw;)waftaft. 7 1 *, nmtaT&x. 


. * def 

j£jtB.l( >&»#&&) 4/{0, 1} ->{0, 1} 

M^ttiSftSf/) (iB*«i-»S(/j), *^THt/.W*d'^*awa«, 'SJInWgt. 

f?^/ n f$ffl 7 X I^EfiS?} (JPifflW^PIWaAft). 
mmj, At«uAS<]«^Sit#/„WasttW#yio 
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i I If U jfttt: 


a.*: $n*/w—'h— 

?ij, iflij/6?o £—Afffi, fanSMW, ^ftl/ePfW (i^Jff^'J) »1I%!S. Silt. 
M”„ tt—aw*»«i!jE35)* » 


tHMUli+^7 C^&gisfiWg]) <B«lJW&tt8MII'feftMB6SJt/. ®0Jfc. iiEflt»» 

Pvs.NP 

Pvs.NP &SltJS#» 




;u » 




& 




(ja 3.2 m w*^hjsHift. itk^h. 

(A7 np &) 

m (ja^B2.2^MB2.3) 4 i s##mbiwMo m %±. 

anj&m, (^i^±#A ,2031 mtH^f]WJii^^t(i) w 

ffmxmwn^msL&jMXo ftfcmmftffi&x&gfci&ij&nmrj: 

*&JB ($R£itJfC^:i3Sifc. t&^WW^it4 l )o 


B.2.1 


7Ji, ^.'>ntmm*mm. (WM*i&i&#.&&Wift*jr»M»»> «#&, ^m. 


^7 0(n) . 

iSl'olj^—ADD:{1,0 }"x{1,0}"^{1, 
0} n+1 W&MULT:{1,0}^<{1,0}' , ->{1,0} 2 '\ (W-it«70 WflP 

ftUiSlS. Bp 5(ADD)=0(n). *t-7^v£, 

fofcHSilfl- (iiiitJS5tS:fflMiH*^ife) MifiMt£zK¥. %M 5 , (MULT„)=0(«-(log «) 2 )„ MM 

teMflffeJ® (BP 5(MULT„)=0(«))o 

(XtS^a»W) 

jtttt. a—^OTnrja## 

3fc*fc[46, 236]. 

ftUM&ft&m c— stw) 


•o g 


(*n4Misa»>. sffl^wa»mifB*x 


® Si&S 1.13 BK^a 3.7. 

© iJfsGi:. -^5Ef)*SW e . ii 

£«Btfu]|A|$ig. 


( PR® % n tt«f«} A) njff.it W 
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B ■/ A |'R 


B.2.2 HiJIIfeS£ 

iai±*n+*±]Rfi. «*(RAW{a, v}, nTWHSHI— 

/{0,1}"—>{0, i} (BPiPSS^ttMg/SPWx^/, SS-^raS&MinlB&s 

<4*»+W) 

W) ®. 40 

$(|n]$jji, Si!j^ 0 J (Approximation Method. Efe) Razborov'^'^til )o 

lift CLIQUE £j8Ub: ^nfgiiK)® (|£3£4|5^£§P$*&tH). 




mmj^&i7c± rTfflst jiffies> nm i.s 

£J1 B.3 (##£**[187], £##£i$[7]^j&;fT7t&i4) 

¥ CLIQUEo 

exp(a« 1/8 ))>. I?tfl4 

sitb, j#&-a 

^fgjPi <s&) ^ssi^isaftWii-: 


A ^ 


B.2.3 W#3E®fcS& 


T-'H?J3fc£gS#mW: Jtifrfcft+ttiS&JfrfrMn. ®R«!l*»*S. 


^m. ^firBtra*e«j.snwinrs«, ^afyjnTs^jsiH: \m^^mm 

SimmmM tW”, maft-'N^Ns. 

^(Uf#»#ffiitfilll!l%fi. RfriS*IW*a 

A. (ja^X3.2) £^3f!ijM (#»isa[^) T. A 

rawiA (BPArnpvnwwwftjftss[*w*ftAi4), m, 

A rfi’ M Wi m It ItF o 


4 PAR (»*HS«f&) £jSW^*IAtfc#M«l2iiq. 3J.ttS»Att«r+ 1 
0 (Kj^cSFPt. A - MAJ (^StkApP^) % 1° KSf/l£(jJ$i^j?£(Random Restriction Method. Eti Furst. 
Saxe m Sipser (83 to)lttTOM&]T^o 

S1B.4 (##»[83], £#%£iK [,,5 - 240] 4 5 it^7gfci£) d, M PAR 

m MAJ 


® 2^,x,>|»/2j (z;,,x, <L«/2j) m¥n$x=x l x i -x„imtii%% i ojo> w«tw^aiia 




mattes#* 


A 


IL"/2J 


HtWffiifc. 
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ixnvukto. 


±j£&i4 (/+: Yao 1240| ^^lS Hastad tll5| Ji,+,M) d n tiAW PAR 

exp(a«' /< ‘ / ' 1, ))o 

BPffi&lfcftifr OcIWJJSliP PARI’J, 

^!M^M##3t^[188,209])o fcffl, u & 

z” wwis* cbpm maj mzm-\-n par), mm maj 

(^?Mj re 0 ) #)]'J£, BP&#j$j$FB$|£| 3, 

ill^aHjE$ JVP *#£ W Et3iilt fcS&it M W Sf&. 

B.2.4 

-StfWlHlSiFffl/**#. M±, S#nmiSfcMit 

{iiJMS^it#)o #siw^t»i®(fc 
3»4&#&sS (£P±, XleliiJTATOS <-0 #JJiA;*j 2 flW vHWSAiS). 

par SI maj aafSf^wa^ 

(Kj) 

£31 B.5 11441 fflT- n tb# PAR m MAJ 

®m^m m, scpar^ckh^t/lw, 

m 5(maj)=o(«)^^. *§:%.m b.5 &m. 

F^o 3£sfcfij!±£—1^F£M7FifclRlfi. 

Jf&ffigg B.6 #&-^MM^M/, 

Aj &h II M #4 > fiilffl— (Communication Complexity 

Method, i Karchmer -fP Wigderson 1137| tifcH )» T‘£uT 

WiUWfM Gftfi xG/'(i)n{0,i} n , 
j>e/‘(l)n{0,l}", (WHfc# x,*y, to ». 

M). *jit, NJHJia#SttiXW<kftja#ffi^ftt* 

ft* a (wi *uyffitmifi 

m *,>>>, w ,• 

x^miM i) ®to«Wiare£j5m«*. »±, ^SISAltflKAIW^, JgS££& 

$P5fe£E@2 (t±3 Raz *P Wigderson [1861 i£;±trPj A 


B.3 



* ft, fi§ 




® ffilfltSMl. S(PAR)=0(/i)£TMirj, {B 5(MAJ)=0(n)^S. 

© SftJ:. B*f/J&*iHM. JW-l in./O’H)vl W^oiW/. 
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I'Ri 


AAj±j& f ^jcM’ tfelAl - ^!®tHiHJ±i'ftil £x (KJIK (it F 4 1 )° Hjfc* 

W n -ttfA rn kttp: P-*?”’ B.& S-^MBM't 


y\>\ 


. cm-mti*. n f=q <ws»#». m#'J 

M$. 4ffiM05feWWK«±. 

0f. Hitt, ±^-JtS^PS^±lttEfe,S&. 

m^n (^r-tMit) mMMfoMJ&m (SUfrai)- 


^ J® it (Kl iA $(( Degree) 


bl_ 

*E I 


W#». S^S, Rfr*</W£ 


« (BPft*AW—t'MWMT- BP «=i) ffiUffigeUtMd>A;log ^o 

W1#» (ItrfllAIil-M®), »+B-feWTiflfl(SM®tt|blH. 

(f?£ ^«)o ji-it&OMnTJE## 

&SK[86, 215]. 

B.3.1 J*£S£IE:£ 

it* MtIWT# logrf 

^ 0 jy. ^f£feA:£2& d'fo%~Rsiz^ pt W S(p)=/2(d)o Mffij, EUSW - 

5f SfelRl^ B.7 d iASi^JKi^ p, S(p)t'A/ 0(log d)° 

p<ix)=x d m qd.x) = {x + \)( x + ly-ix+d)» 
M£*. 5(p rf )^21ogr/Oia&S^), flM£S(*,) 

Jt-fiHWWttfpljS, »»%,)*£ log *iURf!li*iS|SM*l£tt. 

•^pMB.8 iu^k 5(q , < /)=poly(log d), *2 wJLU^'Jffl AM^Efei^AIA 

MiAAj. (#»J£^Wft£#£*8iW*l&). AilEifeJB 

B.8, mmm qJi /)=((/ + «0!)/(f!) (mod AO, fiilft—?rftt^HHI6^W*#S!l((/ + t/)!)/(/!) 

mod)vsod (ffiagjftttffir-'tfeB**weoit*)« vi.msy, (Z'=,^) != n'=,^, (ZU.*;)» 

ffi(AT!) mod AT 00 It nffUffl it* £^i£(g 2 , :* = l,2,—,|_log 2 AT_|) T—it. 

SJ-tt^iVW^fWfEftS^tfcAr^Ht, (/T!) modulo A'^fJi, 

siiijtta^w^atfw^sife. ic^iijiveo-^ST. □ 

B.3.2 


W§l§flW/i^£*M£J355S±*. MnlJMtW “Mil” #&. WWPlftJ£J$ 

JW/fW'g- « ^W*M£J355t#®*8B«i S(p)2sexp(Q(«)), 
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»Hwm 


^ cm)o siwiai&wmT# 

B.9 (261 S(x” + x" 2 + • • • + <) = H(n log n) . 

|h|#M&A tii"IIIJ^illnflK-fdifi 


U 


h'^TK 




aK#^ra»±M Walsh ^(MftNIIBftW 0(« log n)£KjJjr-v£, 

flieaHtT^iafij.*fii). 

mftwifetfii£inso ihj g $£ ft*«•: 

4-^> MM(^, ^xB W «=m 2 1 

flo TJt, MM % In ftliA^MJ: n -^Hfto Bft S 0 f, 2 )(MM) ^3 n (Jit 

##Jttt[206])o ^0(w 3 ) = o(« 3/2 )^ft#&TOMo 

B.10 1621 Xt^'NgcF, 5 /KMM)=o(« I I9 )„ 

m, mm (zm&mtmmi) ? was#-® 

a>l f S(MM)>n»^? iiS->h*«WJFifcfn|H. 

f!cT)|5%ii5lil w=/w 2 A^SA>J\ft mxm ftP$iKjI tI' llA ft llli A ft! A ( J j\M iBft DET ft 
PRE). DET ftgjfcSfc#ft , i&8MtS®fcfe. M PER iPW *Xf1I J&ft^itAl^ft 

MTAf-'ftA E^£ffl&i*T&&ftfii5H4£. 

aft DET ftg^Jtft*j-$MS flff PER WU 

(Bfjxd-^f^r “p-fcX” (j*L#%£i$[23i], RmHf&mT& 

5t£ft (16.2.115)). T^. ffiifJj PER ^ft^A&tfaJrtfift^ DET, ft&ftSfcTOft’. 

feX B.ll C&fJ) 4-p H : F"-+F 1 ft q N :F N ^F J %£mmk%i' x\jc 2 , “'** % F ± ft^ 
Mo iRj^ft-ft—''NStfc n : [A] —»{xi,X 2 . •“rK*}U/'\ {£f# p(x\jC 2 , ••• r x„)=q(7i(\),7t(2),...,7r(N)), 

ft F±#ft—l^p S'J q ft&lA 

M$, &£/>„«**. WJ AW ft AW)- 4“ DET m ft PER m ^PgfiJ?IJ m ft m &P$ftE§ 
£5f DET ft PERo B£R PER m ocDET„ , PER m flj 

DET Dolv(m) ft&IA Aflft»*#£i*#ftftft 




B.4 iEWKlft&1± 


& mm % m m a-» m *. m & m in ft *y a m m “ m m 

ft, H&ft. iSAft” “Mft” M®ti«1JifiS!IT*i^. 

ftfflftttftE 

$h&*£s, -^ftit^ 

c&mm cftft) aimi^ 

£-l/£Sft, iPfMt 


■ ^ s § it m iff. ^ S * * ft A. R &■ ft t± —ft * s 5S w ffi P)3 H 
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.■ft & b ■! 7 h Hi 


£nT^7> ® • 

feX b. 12 [61] (i%j^) &s£ r^-^Sg^^-EL 

it, \m m(tt, t)=io 

W& (JALfeffi) —ifc, ft®: &XB.12 

(7 iii-: m—zm *r m&x &#i 7 ). zx 

b. 12,^7 otisf^re<]) 

*t ! f77jt:'ffj£ T, ■§■ £*(J)i/TW 7 rft<J^®iiH0j]W-K:® (BPi$f# 

£ M n M giC7 £. w (r)M7fjtu T^M^,7 7iiETO3d£ 

(77tt-l;wrMMM) fnitf|:g3V'ft (BP NP-vs-coNP NM) Zfo ]£KJ*#7^. 

£JfB.13 [61] NP=coNPo 

# 5J|J itil. '(if# M, TjAftfolirMlIr o-&—coJS PP-'ZikM 


3-fttNP «]£*££ 


np^cojzp')* tr$fe%£am#- (#.asii) 

7IRIMi^+*f5t7S*£KJ (gRM) it 

iiEM “M” 

tamm, fttsfl/uar, mawa 

mmmwmmo %?&&&& n-, ^jrft*i& 

ffi (7177££^ B.12 W3Sfflfi&). &-, 

A«ie*^a, rtttp^7t*7 %m mm Ey (£ii b.i 7) = «mra 

mmw\A£*mmn, sw^+sir^ rwiEW-feai-iKT)- iewm 

iJ, BP 7>1M it- ft JlliZZim* JE03E7. 77 « 7lt#M7i 




RW 2" f. 7&, £ragj£H$7. MlftMsWi 


#£. J&S-SjSM. (M, tv^mmrn^m^^mvE 

w%m*i%j&5L, m>*com>) ca*pj, iiM^&siw^Nawffljii^w. rfn7 

MM*mmx xmm, asp^e^t# #RTffl7M&^w (M 


® *s£±. 9 ¥f£HJMt*)tSH®*|6|. fc3B9«1’, t&MMfisfrffl: «£*T<»2r«K/SW*a. 

WfA&ft-Slftl. H.ffi2.1 IS*#. 2.1 15, 

© -signis %x B .12 i>Mimmi%&&&i , iiTi&ttmAit#£. mm. i 2 nw*ffl«i)stgi«.. ss 

fiw*. •ema^w. 
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unum 


IM. 

» (W) tT5fc, 0® 3SAT ft 

NP-^^W, ^ c^}£) 3 (MsK3£ 

JR#) Wf/T^o iBi£#J&£^<Uffc3»&JI. ({fc/B^&WJ) #5iJ-^0JJSWM (M£S 
ltt^5£, aEHifMftSFf'ft). J3^HciiF.0J3TMs^ (i5EM 

(“M”) £& “If^”. 

f*lM*R 

3 >ni5#, frftm&mm. K&mjiimM^o 
a—^W^TJnT#®#%^CK[27] (&ft-^#8J#^fi<J#^:fcitt). 

B.4.1 i£$iruEB.B^!£ 

M*0WJ3^, Frege M, '£#- 

fj'^icMlJ (Cut Rule): Av C,Bv —>C \- Av B (K-f A, B#C^&lfejg&5£). 

?Em%m±mMM&MMMm' mmmm, 

Frege Mft-*t**|^, 'till'] (£Kl/l#«) + *&±, Frege ^ 

fif^ff&NJSiftW# Frege %&£ + &&& (Ig«). 

Frege 3KgEMT#ftffl5«M. Frege ffS'J 

r'SSf^SMft Resolution, 

Resolution 4 5 jtaW^Ai'(,f(]ft1?f# ! -6 < J : T : 'R], 0T/!> MjfeiStMKOfitH-h;^ 

“Resolution MHO”: Av x,Bv—\x[-A v5 <, 

—HSW Frege Resolution ^#3JS,it#Si—^t^Fflu 

#ft$ftW. ->H^ftft&JS3 PHP„ m , IJ 

«<w fft Bfttil'o 

) 


i^JS (W&—Rfr) it 


®®B.14 X Frege (PHPr') = « 0 ('), MF Rcsolution (PHPr') = 2^ 


b.4.2 vtm.mmm 

lE£n—itftffc^'t’—^SflS^Jift&W 

—(-^^/Kffilt^^^JKHilbert’sNullstellensatz)^^, 

Grobner H) ft^I®5t“f'nJ(Polynomial Calculus), fUj^l;^ PCo i^^^E c l 3: §“lf 

(*0fW^iScMs^W^), WM^MSKWJ: A, MJfl'J* 

AFg + /i, MKiJ>jx,hx,go &3S^-fcj®A<iafiMT# (iFMTW- 

nTwtfsij) fij&, wtnmiar^mo 
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■} * I' Bi 


£JIB.15 tiffin nWftH m>n, £ PC (PHP„ m ) ^2" /2 o 

B.4.3 JlinlfcWfrM 

mm, c bp 

ffi (Cutting Planes, CP)o mi MMJi (ilW) 

mm, \>xr («bmm) 

3 &nTl±l B.2.2 + ® 

tMEWFIMfSiJ. 
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Eng. Isidor Goldreich (1906—1996) 

. ikiftti&iRWVlfcxlzjjn&o 

WS^PiRo 

*pf+»-^#aBmtr^ijttim^7.iif> 8.2TO9.2^*iftj£iS]M. fti® 


C.1 BIh^ 


i u 

►/\ 


7-^ffW (**p) 

at—^*k, Mft»«i.R£ 

SM^, (##JJB.7.1 U, 8.2 ti‘, 5. 9.3 Ta)o «±, 




C.1.1 


^JIUJIJ 


Wcfe&mHl\Zk&#*&±m%L±tfiim!M1%R1gM.TkiiE, s £ b & "ft 

£*” «±, &mzmm¥mj&rmmrtit a& 

*HP^^tttt^4^^ffifit±W«afifi#fnIS). 


® &mr&ttwv!> i t-m-&g. <H^s*isirj+:srt«. . 






Wtaic 


C.l.1.1 

mwm&, “MM” ia&. 

mm “#*ir wmm, sAStA mmebtoa 

^A±i£*m, mum a, nt--s-si£Hgi&MTO 

i+MAo Affl&SIAPi^MAFfcMI^P&o 

&WW*5«M^Aill$lM A&ft&Ao 

(bSc^h]^) ittlDA^WAM. SAPftM^JitPfrSo fft. &£APfri£, 
M*£0rffiMS, ASAAAlAAW'AJSgo AA® ^TOMTOM, Mill 

!§<. Sift, #««MI$<AA3iliig 

&M&A *ftWr£j5CM«&MT (£+&£7Sfr¥MftA) fltf>&^j£{7,> feX&J&ZB, ft 
mm Wit+ 
a ii m . 

£« 

(sErtis) a#r, &%.xm&, m&xt&±ijami?% cm 

&«Af&) &J5. WFBItii&MMm. in%-fam$L, fai£&#A3i§, 

“TOttArvi” AM (^HiJPMJ»#l"ia»W^iS» “!S8T AW^Jitltt 
ja 7 . 1.2 if>o 

c.i. 1.2 tHnSiaffifflffi 

*1/7 (Jp$^lipa?). fittf/M, i&BlAin&fflgfl 5 (Ms^Pt^Ai) 
fclMIBA. J£faMW®XAM7&*+H&Ao MM. 

A (grm4nftm#SJW, “M", MM, 

tt (MS-MWri) *ff ASP^fS BgJEiT). 

ttmmwirtisimtMMMm, #»jjt. ta 7 . 1.1 u*pp# 

MC.2 A ^ JVyjEUi®. 0jfc, 3'JAM 

*«#?£. #Rm W»W (sKSH 1 ) 9F$Z#fcHi&ffcA& 
Af^/SAM*, ]fc*is ^AattAg-^&AAi^ 

«HPiM®WAmA^) ? ” SPA, tTAA'^PilfjAMA, MM, !p'Iiitfl]f^ 
ft A, ii£i*«3E£Xfifr&iS®j&j8. <SMfi«fifrS£5lC#fcfll75£.$C, J5'Jt^iti&# 

Am-. 

l¥JM-AmW^At7J^TO(E.nTi?Affl/S$^i'p]IS)MAyA^SA-Af;AaM(BP 
Mig^AijEsa^AnTM^o ^mmniRimftfeX, 

MM&f+M (ftifJiWIAA). A£Ei3MK&M#WLtt. rn A5fc*£dJ-AAA 


W/sMvAAMl^iiEltt (APf«Pfs,i)o jt-A±4. ^A 
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inMxm j #.i np-®t smz&mmRrmm 
w° a m*j” mn 

m±pm, siit, u n 

^j” mfrffi %\lfillHCisfpj £ IA, #fflE&S&ft&Srl5IjRto#lM3fffi. 3A 

^tnj:j, a if J ^ IX nJ IA #6 { W if ft £ M fig ft M m & M . M JeL JIJ & ff\ $| £u fKj £ j I j j£ IS i/v ^J ia 7 - 

C.1.2 

Hilt, mmWW 

mnmttnmT'mmfex* m (»¥> 


SW#E£. 

c.i. 2.1 a*fl9itll^nn7fi9ti-; 

M93fiftW (ilttra*). M±. 




mmk (mmmim'$&xwm r MXM*i'imm&, n^'>&^Tm*mfW)o 

c. 1 . 2.2 bs#im () i+n 

ar±/&> &g*jR. t- 

<&® ft i'f -£th ffl p fflIfi #Ufc W ft* ft, Jtn (rfi 7iAA M #Hfc Jt»Jfrto) X'M iAA UlT- 


(7771 


PI 

&0#0t) Aj i (g!c#&iai>. PT&I&. 0fW. nJ 

fcTSJUir&i&toftft, &ajft*tto'MMM#&« W®.ML&aI&£i&Mg.$Z&, 'hW 

t&SftJiiii. in^iAA/^^Btfsjit^TOM, P lu£ft 

^ l-(l-/i(#(«)<0.01 W, «Jgft^i:N-»N*ir4BI«W (HPJPS)lt«ftIE^33i/»', @ 

£M-)to±I^A/ Vp'(), JM^SRTftfcto). 

&mAi£M^1AWtolfE&. &M®£i®iUAiScto&9&, (BP 

s*. Mvo 

6tJTIAAj l//7'(-)» K'J^aiC v: N—► N AjS^Wo 
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PfUc 


C.1.3 F*g#*l*R 

PM-MIII ($ni+: 

®*xji 

Jinj^wa^o Wiki#, (aR»jfttt), W&ZXM 

Mm*jiM : ®ftm&mmmc.2~mmcA (w*as^w*g). 7.115,8.2 w 9.2 


B 


15 (#»J4H87£l»iaSfN ttB6#l»^«m^ftliRiiEW). C.5 15-C.7 Hmi£7SMfi3 




m. bp jqstrife, '&%-x%R'mmmx . 

xra-£«*w®« 


-§P# (BP** I A) 

^«##iti^[9i], mh-sp# (bps^m) ^t/s##it^[92]» ®^i8Wis#Rrw^a 

£«S 

m, wt fe#MSB». £-m. 

tSWiW. 


C.2 



(iHfllife) S®ifJ![«0<)^i. X*. -XSMfcM <£ 
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it -Vf-U&ft 


np^qst& 

#PWfil^fnIJS. J&HAXM3-7 .A/A AtlfrF 'BTT 4' (HPJBWIfcRTMfi&tt®®). 




r»V: 


^^rTIW “i*S” WWSfc^r^ ffi£l¥ftffli£fKJJ£l&). iTnJL. £ 

(rTSBW) PWlEatto ?&. E^XalSP^lRj® 
m A- ii n;j s M & Si fe (BP # - # {1- A ftj fj M- a. a ^r - f:T: A itj M « 'ft A fa] M i m &R). 

C.2.1 

7.1.1 ut^faMM^x. 

^x c.i s&sx 7.1) bn% si#ij£, mu m 

f : {0,1}* -» {0,1}* ft ftA #. fa a ft o 

(1) ^FitH: arrWxe{0,l}*#&^I^^Btl'H]||:?i^, ten A(xyflx)). 

(2) arr^W^Jj5i5Wf0]P<J#vi^', «, 




PrM'(/W,l")e/-'(/(x))]< 


1 


pin) 


K 4* - '1 h«^ 


jlkAMM&&xe {0,1}* *p#& »B8#l*±^^. 

^rUt. @iik, iAffit c*H£w> ss-^faaft. fa a, 

4^ft#¥#A#fai8ftHt» (JE#%Xi»[i83])o 

(iPM^^3mod4 tom&zm, 

SMo RSA M: 

SSJ£±i$&#M£ > ft, ^(P-l)(0-l)Sf, J.jre{0,l,»stf-1}. j£faM^fc#J&lT£X (£ 

ii-^c.l®) SifUMffiftTJS— > H»l ; f (MffflB). 

^c.2(f^iSi) M#S3 D^F^£$pTM'HHt, m 

ft a ft£ {/:£>,--» {0, 1}’ } ie7 A#■ |SJ M o 

(1) ^TWlfttPit#: Xdl&A 1", (BP®—««-tk 

a$tA (iSft^l) / e 7, #& £> A-t 

(BPaftMSX#). ^T-$BuA/£/|RxeD ( , (it#) J£& F &££& /(*). 

n, W 

1 


pr[^u/w,ne/■'(/(*)>]< 


Pin) 


itt 3 : /<-/( 1"), x<-D(i)o 

D,±Mm.®, MASofotiiWM, nm&mmMxsm- : 

Win . OT RSA, %m f N _ e : D N e -> D W e / Ve (jc) = x' mod N , D N e = {0,1,-,A -1} 


© ft®: i{\")*\ D{i). /n{o,i}"*iD ( (!d«itk, 3>/&&/n{o,i}".fiio, t 

JE (/IT-) J$4jfifj) . 
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tij^^.c.2 thu, oiw#fijPsns^®wsx. ffiffl&itiii#. )§#&— 

(^PSH) W, 

£j£C.3(pgng&) C.2 4‘W—£ftg&, ^S#itWi v IWiPlKl^^£ I i^ff?£ 

/'W r l , JMffc3t*P6n*!fc: 

/(1") 4 1 ftfJ # ^ ffl Ir); /'(1") (ft lx {I ill II ift fft ffi W(i, t) fflffT# xeD t , ft# 

F~'(t,/;(xj)=x,(w t MMm 

mn, rtT RSA, f Ne d (fl N=PQ), d Ji e &(/>- \)(,Q-\)#M 

■a®7u. &bui, ifeBtpgn^m^(M^o 

3S#|iU®*t5ff#fa®3& ( 7.1.2 IM'St ) 

0Jii±j£5£j*, Sf3W«ifeK5^ftft 

lft#itfto fl^^lffiP^tHTftmi'felQi^o *0fi. £rfti62r*M3:£ 

■ft (BiJ«tKjffl2tft) nrwaiioT^ft^a^iiEHj, 

mm* cpp 

C.2.2 

HU®®#/ fitl^-lRlft*^# (^E/Mt^fft) £££>>, 


def 

^Syj^^tft - ^(ftfifll ( BP^p^^-lft ® Wtf< Mffi^lx^l^xLX&lWl. g %} g(x,r) = (f (x),r) )„ 

^fflo *§*&##, ^ii^0tfB]Rrft#w c^ao 

RT&fcMlM»fcHi 6(x). 7.1.3 1?(BP^X 7.6). 

a#s iPllijl-1-1 M/lftM&'l>, 

5j—# ®, ®*£3 7.7, *JA{fMt-|nJlliS(/’ x r fl 2 /(-x,r)=(/(x),r)tjtg^ 


c.3 ft m m *14 


&®. “Mi/ift” ^iia##3t(^[i46]^ 

iftmtiliAaSOTWAift “^ftfisfear (£j£J*L##£i$[ii2]). 

“VMW i¥n jn&ft&w. 

fflit^T, iijarnffl 

m &, cbpswbsw,#?) 


® '*&!•.. E^aw^issierjsft#, <e®*sm otiwis) *»£#« 
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ii mum. 


ymuh&Mfto 


i+a, \^±.m\am^- <**pii^T) iti 

C.3.1 


taw-fe^ijo 


w^fvSKttm) s#s&, atojpa+^we^wsa (ja 8.2.31?), 

feSL c.4 (if#*nJE5H4, 5tX 8.4 * = {*„}„ eN fn y = {y„}„ elN ^i+ir^ pT 

E^-SA D, ffmzmp, fnFJrW&i&XM n, w 

1 


Pr[D(l", jr„) = 1] - Pr[D(r, Y n ) = 1] |< 


P(«) 


cap xmy„) mnm dM fommisiWLrQLo 

8.2.3 =ff. (jaW±£ 

JSC) (®^jSC8.5)o 

rj*siftwsuMiwje.fr 

fctt&£jscc.4w—.^gams* #^eiu*i^»«?ir«^tf*ii'&sc{o,i}*±w* 

31. Mite, MT&m {ZJ a . s , Z a ^aTO|JM«. 

^JJCC.5 ^{x a } aeS fP{F a } oe5 ^it#^BTE^®, 

1 


D, 


Pr[£)(a, Jf a ) = 1] - Pr[D(a, £ ) = 1] |< 


p{a) 


(ipjr„^y a ) MW&d 

&*: £j£C.4 AS = {lAweN}®#^1ftfiLo 

##49JR* 

ThJf^¥E#to##.^J£JSCWffli3tA^^£j5C C.5 4 5 £KJ#®3?3 I#?iJo tegfc 
{^aU.W{};} a£S 4#^^MA±^it#^nTE^®, p, MM 

W-W^WWSThJf^BTE^W C.5 ^tti), ^ + ^€{0,1} P(W) }, 

^' = {a/?:ae 5 A^e{0,l} p(|a|) }, #-@.^=X a (F^=7 0 ). A 8.12 + fcj&^RTW#PJ- 

^WttJtJSC. 


C.3.2 


'hftSfcto (flftjfctt) #£&, ff5A£SM*M+7, iutH — 
C.6 £$®J8C8.1) 47:N->N$S>£/(/i)>n, ^MbeN, # 

(1) ^Mse{0,l}*, W|G(5)|=/(|s|) „ 


® c.5*ijg£c.4 a&a* <*«&*8.4), £jsu.4 

'fnsg^c.4 . 
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»*tc 


( 2 ) {G(i/J} neN ff{(7, (n) )} neN ^itS^nJE^fi<J, ^Vj^{ 0 ,\) m ±.m^^o 
♦ £.t, M^$l'a]{C7(t/„)}„ eN ^^^jl®lflW« 

ususiiHWs. (, um” w n&& ra4*nr mimw^n ft # *1® tn/* #1, 

aattEsateft ammmmm mm 

®%*&'&&jsMi&tii, u&mmvtmmm u vmmi 
jg£«#cjajga 8.11 >. tf$MM£ 3 §Mia-:£*mpr 
ja 8.2 ij„ 

c. 3.3 ftsmstt 

Goidreich, 

Goldwasser #i Micali |9>, 3l A^f^j&MfAl^tAillifclfiWjEijSMnbAJ: tb^AfAM 

^tcm) m 

#&, n s m n bb#M#» x, fiBi&m—>h»ra^ 

/,(*), ^M^JMMseRir, £E#Sfifi#l@ftF:{0,l}" ->{0,1}" 

?tm. bp*j- rnfffW) fc^agE 

%.& c .7 cmuim) ($fa]) 

{f s : {0,1} |J| -> {0, l} |s| } 


PI 


se{0,l} 


* o 


(1) (i®$ti+iO #£iHb$tM (flfcjfettW) W'H, s fn0$kxe{O,l} ,sl , jg 

0 _/;(*)« 

(2) (ttMtifitt) mwmmgjRMmsViM. P mw^am«, 


Pr[M *• (l n ) = 1] - ?t[M f " (1” ) = 1] |< 


1 


p(a) 


ttt 10(0,1}" 

BP-^“#±£68#!” Wa»/,:{0,1}'-+{0,1}", **SW« imw^sffifeo 

mm &m%.2 n w.mm)’ «t mm^7s emu, 

nJlAflcig^iuM^W^ Mzifanl ( Sff/* : £iL^fB5ttrsr&—2£M3MS> 

±£B&#iMrs. 

M^ffMfs*n|s]:£: ve {0, 1 >” , '£^JE 

^ vffirs|MBfi#l{ir v e{ 0 , l} n ^l£&* (iiJlSr^v), £+j5Jt3f5fc^JSMftl»#lS»>. 
$i^iaMMJ!;i*&ffltfcm ; £ c.5.2 to c. 6.2 nr^- 
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il-flcitatt: 


^1C.8 

ffiBJJSK: ®4- G 2 Iftflrtfc ( BP /(n)=2«) 4 G 0 (s) 

(Gi(s)) %.7jk G(j)Mmf On) |s| y htt:# / (i<. hLX 


def 


r a|8| 


cr 2 a t (s) = G aj8 |(---G CT2 (G a1 (*))•••) 


def 


u, :{o,n |sl ->{o,i} w } t6(0ill ., /,w = g^) . mmm, mm/ s %.x% 

n. XW. WAMK. Jslt^TOOJIW 

S ft-feiBo r, «!!&£«?#-£* Go(r), MIP& 

G,(r). /toMM. ii4Sia^$ 5 


RftU&asfcsra {/,} ,. &vmkm« (m 8.2.3 in : 

J 'se{ 0 ,I} 


i y t" ) 


i?H‘„, ^il^jiCS{0,l}' , -^{0,l} n ±W®S![2 2 '''’^lWai[SfB], 2'>»W n 

s=(s fi )^ [oW m%.<. Mh- S &x=ap GJisp), g + | fri. MMUkift, 

m&h ,1 URFB5 

( hi ^f Um m h: 

nm. mm, h:^h?, 

K'JOTWE^ G(U n )ig C/ 2 J^i#^ (ili±£H /+l 

#^)o □ 

(faffiD, &j££X&ffr : ff : ?ft$± (BP/,:{ 0 ,i}*-M 0 ,i}) 

mmMKmm, uR^x^.m^xmm^x n^n, 

/:{0,i} dlJ| ->{0,i} rW ) WftrBSDlMo <J*L#«i$[ 9 i]+£j 3.6.4 

Dr) fa (##3tiW[92]4 ] e < ]pf^c.2) 


C.4 



£n iR 


mu uuii m %mm%m sit jmxmxMc, -&&wm n m 

bp m m be bj w & ie # ix m i w m § w : w »tt ($p iwj * %=*a & g? f ^ ft >. pt w ^ %, 

<w&ft> rre^AMi+imiij. 

9.2.1.1 Witfifc7aft«££«^+ft&ffl. 

C.4.1 


® ffl"WJHL##StWt[91]4 , lW 3.6.2 ff. 
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hm c niMfn'tw 


m?%” #7SiM*&to££NStfatt&:M*. tn&mmpMw 

7 030 OS^WsJiW^W). 4 c.5.1 Uffnc. 7 .l IWti-fcTJOfeW 

1?'J7o 

rNsUHA. (W&Alt:f:4 5 iH*±^ffla < J5£XA&) 

-fil'K, “%MW” “A#?” «* 

wa, ^ss^&wtt^tfc^je^sftrife^ (—hm&£Kj: wl 


1=1 O 


a mm n wistfMTfc. W3E&^ma#w 

&£&feX. IB#E# fP M. 

(WJJIJ. SttfaSrMmffl 

m-m&, ipm£#^mi=o m 

C.4.2 flIHnJtJSC 

9.2.1.2 in 

4 9.l.MS4>0r5£jSD. M-HSife. MAiflOffgggM 

ff-^o &P^Xt/^nTfiffft^Bft fi*. nJtfWit^ C*'f$f#iPTM y MS^$f0| ; Sit@±^ : Bj' 
(«*igj8CC.5), «!l«*l*i<X5r^|-&5»ftlTRW. 

(2) {C*(*w} C*Xsf7lftAxes#i!|W^tl}. 

mtMU <j»A Wit^o 

±j££*«W%*3fe^ S^Iff^IiltWIiDilo 

*ifc, ntti-^MP»w#*win»A^ftiiR 

(Auxiliary-inputZero-knowledge) 0 (Jaj?A> 9.2 UFA 

fexc.Qcmm, 0®) B*m&n&&£, p, ## 

'BiW-ttc*, wj$$r& a aa s 

A 5m A Ji Pft in i) A # £P iR W. 


(1) {(A#* (*))(*)} 


*€$,*€{ 0J} / ’ (,jc,) 


SIHWPftiP^Azfft^^^lsiW^iAia^lLMS* M 


'JiTi 


(2) {(c*(x,z)} reSze(01(P(1II) As c*^7!iAxe5ff zg {o, i} MW) mmm& 


;i¥ffi&ntom*to\ r a mu m. m ma^* no m* fut a-, w jp ® a * *p tr 

mm&&4!T£itoVLViM& c^ir-^wwiawAtErMw^A). m%±, 

iSi&iiH#^i!lWilii^ftHtJn®AW—(W^A C.9 Alft z). *Hltf JE#%^t®c[9l] 
A 4.3.4 Ur. 


® **±. JiTVi&fcA. aft. wjtm% 

« “mm” mmw-, “*ir «„ 
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il-ttttAtt 


C.4.3 —flg1£*£ifc;5J3Zffl 

“fsiw $W> MW f#^0<J 

4.3.1 ft') #4. £n^#i"]S$t#4. {InT®di^ilr;frm#4 1118,1691 . 

MUXttt*NP-m#4ri&B:*mM (WtiP^A) fmRMo Wifi 9.10 

-Sflt^Tlfltt: ASAW (QMrafft) *r m tt NP-iJE^M^nllA, M 

®*& t, iia:#JtWS!)3-3tfefqIHWKarp!Q^, #'Jffl$lia9.10 

NP-^iawpiRMo ct^a 9.10 4>w) 

m, hkwmm: 

MM C.io 0£JI 9.11, £J£)> £pS #-fa@ 

$t#4, WJ45 > MI'&seAtf»ipW—^WftHftA^JniRilliiEiM. ifb'S., 

4>. NP-ffi«ft*££WinttA, WJ a Ml iiF. u/j # & $ fig 4 m 7 7 m A If-t [TO A 

«o 

(lc. 4 . 3.3 Ho. &MM 
c .10 

c.4.3.1 ^TdM 

WMMfeift. Wh") tftvA K+A # - A #A A M 3£ A ffi {ft ,+■ /* 

ig <4$—fifrft), 4M-Pft®, “£3TA #J.SH*iiEi£# “£JF” 

T~M> (WI-M) KW&£(Binding){&W 

Kt-^(Hiding)o 

sffft^isi 1-1 a*S[/(*ffljit«^*6) firwwismmw wimiM) 

A^ilr 't"tfc#cr, {0,1}", S:3I|—^t(/(.y),Z>(s)®o-)o RM-. iKRWc^M B. 

isirm. a-^8ii£»Ttt*mfaa#, g, 3 ojlm 

MZAiiMmxfamimmuTijik&m&mi ^%xm[]69]):m'&ij® / >i&ft re {o,\} 3n 

3£i£;fr*&4gj4#je{o,l}", #_SJl7p;tg 1 r®G(s), MoWt 

& G(j). ^mMR, nT WfSJXiff-i ( Wl ) M£W 2 2 " A “ J* ” fKj r pj£ G(*>)= r©G( 5l ). 

mmm^^ g 

C.4.3.2 &^75®03 : 








9.10 (Rdvmmmxmm 

flsi j 7 nj m ffi £ lb— 7 # ft & w # *p m ffi m % m> ( nw«r m 


n 


MWM, MM 

Frmm^iiiVRmR^RmniRm. m, 4*si®M Hauser 

(RR"snm^m£i%) 4NPfm»t«4. 


© xtffi£iMtftowiin*(A ctjft vf) (ffimmA'?»W5eAt) towjinm&Affljiif}. 

ttAftf) NP-»«, EtJiiEB)j#®«S (#lC.4JJW»)!i*iS)J) nmfij. fflLti K. ®ffi ■& fK)ffif )m ®5A 

«s ft 7 ® ¥■ «'i a m tt .t nil '/> 3 h m. 
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AM c WlCAiiWVffili 


C.4.3.3 — 

infrfln®. c.io i£#£niPJ&Aj^ 53 A^ 1 M£i&i+A 07 ^ 74 . 177 ^° &3 c.io 
WW^MOTIB^T^ftiiRWJStffl: mft. %mc.io%n+ NP4ftitF£7-7#«aiHJA 

NP-iiHfti-iM, wLfeM&m%n#M%zw£.m\H%Wo m&Mfamn 

v r UiE0j]W#iMffl = 

&&m aa un^—mmtt* fius&7£ 

fefflAillMM Um^J&7lEffi&Mtt (A u WW$*u&tfWBfcl^&;IHl£). 7P7 h, 
in S(/*IT* KMiMAom^iiE t/^ 7 iEfll 6 iJlf^. &W. c jt-T'iilif. # 

(gjEih^MAi&iE t/^^TiEfil^J^#. tfe^Srttt 

mw$m U ftjjfilft). AMiA, C/ vA.;t: 

#F t/7uJ&7ff.MM—7 np-Ks (0A u 

& ), ii c/#BW£WaM4M NP-iiH®( BPiffiSA^tf NP-iiEIB). 

7 &. M 7 ?I C.io, t/ 

IBM, 77 c im (777747) K7A£FJl7&M£T-M. »*U 

(JAL C.7.3.2 HO. 

amnA (Bpaa^ftiiRfiEWW ^A?gac.io#gij, E.a&ffl 7 

AftAI^MA* 77 h, 

C.4.4 

#WsiEB0|ft^t7» (#7 C.4.4.1 TO, inftmffiHj^ 7MA#£qi,7 iEffi77[*7HE 

(MC.4.4.2f). 






Ht-tt 


#5fci#?A;i; C.9.1.4.2 TOi£[ftit«- o 

** k a iii: m a & a ft a & ® M a £n iiU7 iE m i*» fc&mT-im&fammmimt 


x. 

ifi 7 A-: Tt 7 7 5 A i&iE# ift $1 #* (A C.4.4. l tfAfiA-MX A.t: mEH777‘JMJ77'IA.ffi 
iE (in.JL7^7#^iii a 7^AW) £ W A & iiH 7 & ii Eft 7 717 U iE (initlfiirilt 
AfAEifA 77377'7AiE7 Hi% EftMj§ U 7AJ7JIJ7A, M7 iM FB M tftAEft7ffltt W M 
Mfco 

C.4.4.1 

#Jt#./l 7 A 7 #£PtAM:& (iP^ 7 c. 9 rr' 7 AW) SAItiE^A. 

:£: JU "ft 

MjA 77 Ff 7 i•:- 77 Fu 77 $» c, 77 J 7 #fiJ 77 c .9 ftinSSJK*. mSHfe iE#fS/ 7-7 

p^mas*, c^a^ir^#) 7 «iE#miBSfi*o mm, 

c.9, FV:&11J C(A-, 2 , < s* > )#ft c*(x,z), 14 A < 5* > FEf 7 z)„ 

81J ffi & 7 7 £ JE A 7 iJ& iE # fM JT ; Eft ±^Ag (n^r) ^$(, nTWW 

sfiA<jAmi77, s a m 7 m 7 ea a Eft tab a m tt. . 

(^in|s ]-7 “M”)o ## 7 ^[ 98 ]^l 
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Mia, 9 .io +^asC 

MlM#frlK* (MNP'&^BPP), S*8fc£i£Jift*^***niRW (injSJSCC.9**). 

feX C.9 j^24i?fWprtfWi&iE#®ft. 0«&i*tt£<JSi7ra 


(HPSfcxtfcj) <5lTW#tt14o —i 






fiteMi Xitt# WTSE^# M^iEBJ!# 

^iiE#) l&+3Z5.T&m <RPttS^®SftWW££ia^:> 

m®?iAW. m. ^ 7 m »ffi # & wp ma m^mmm\%%\m.wm wa m 

nffljinss, r& m»Tffiiaa#<tt^i!0Sitjipffiifl#wiHf^ifr. a## 

i«t[228]). 

ma^mRmfnwmR 


c.9 




2n 


m (BP^^iiE0J#3S5^M#^tltH), # 


w a mu n m» “mu&”, x 

(1) Jemmas, n*w##t«wsra^w. ® 

(2) mt ($ui¥-jg^ maiR, g>affi^mm&m&m-\-±.mi5: aptumttMnr 

&■&). 

(3> im <j*#sn *$»«, u^tt^swsinr^flrK^w. 

it##£PiRJifllg&ftjM;£> C.9 &M$\, 

irve m w n mm7 -/i7ffl*§ fa m . M&# tt a##»[ 227 ] . 

C.4.4.2 *§^ti£«fc: POK, NIZK 1] Wl 

M^ttte&iKlttM(POK), #^S^^PiR(NIZK)W^iiE«^nj|H:^iIE0j§(WI)WM^:o 

MUki#, ^piKiiB^^^sAWiiEH^, “%n\R” (im 

6<)3-ifiM), (iuft&mm M^#syaw3-oj«fe‘i4 

&-irrs)o ia-tM-m-taa 9 . 2.3 u. mi^m, “^mra”. “amM” 

(ta Fiat-Shamir JjM )» 

#£Z#*Pi.R 

$ (MAEbTOUH^ra#). m (fenrn^&fatiA), 

m-uu^m isifwinw»tPirfe. M#*p§*#ai 


® ^#«s£XC.9«if} •»«*«. “¥«*«iiH#” IW** 1-^iR'jlA. < ja#^Jt(W[9i]t 4.3.1.3 Vo f. 

fa .to 
tSSL&S!. 
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M :,k c 


(**») *&iu 

Cfclfti&&IBinfctfB2££:2f3l6. Oita'S 

-£■T AHE 1 *). X M '4 £ fcB T £■4 1 1¥ X S 5t9 ftliR il HJ3 M Jiff* R £ J5C (J*L # # 3t itt[ 91 ]4 1 4.10 
Tj*n##;£fiR[92]5.4.4.4 4r )„ nj S JP f4(ft.ftjIII>ftftfxi£ 

NP &M NIZK M, NIZK jggfclfe 

ffi»7pBTK4Ht 

ft^tt*fciRtefeW*J8CWS§fc. #%«[76]>f fltii TffiWnJt* M 

im, Jttte* np-*3* r, y Mtt* ftj np-M 

<WJ»JE.(jr,wi)e*Mwi) tfjtfjfc, M*RMNP-iI« (BPw£(x,w 2 ) 

e/?Ww 2 ) Jll!l»fffimNP-lfc&WJJ (sJutilE) f^£MWE4>ltto fffj 

^WtfriXiSSffilB^irE^W, Jgriufc. WoH> 

#8J<tfS-JlW£. #%X^[75]+S^iiE^^E^iiEHj (ifci£*±) ft 
ig^PiRM (WifciiE) MftA* 


C.5 


*P ^ 3fr 



ififf^ilii—^WIBtta^iyrWifitatTiafl. MX*it “fg*g 

«#” ^Rrffi#^ 1 i^SiJWffifJi. 0 isfHjgM*£ft M 'Ati &£fl[ JB in &. R^Hhili, M 

— > HfcvWn®. d3 

(spsumtift-#) imt; a->Hfc*j&a?, ££imt;t 

sir. #Fi+JT£§* (IS?***) iffiilfgit^iio M&ifcjg, 

*TIBH^±Wiiffir, ftH5c^aiftlit-*«iyf#^ftlitW#fja (WWJ. 

#»# (sE) rmpmi&a. &M-. *&—&&, 

m%mnmM%'W'&. n«fiisffifi a» 

MSMWIS«« (tt#lW) ««). 3 Mn®iH»«a?l 0 (AWAP/M^P) W# 4 tt 


Wtt'in$£i£to Ji—lift 


“£Ml” (BPte^ 


BfcjWM#3££#i£. 85-ft (“*JftW”) Shannon 31A 
[2051 MfH,i.it^r'a-o “JI&” 

A7i£S!liflJlfcaHK»J (BP 


® i+:.g: 9ren^»llRWi64)feX^>5‘e. &£XWiS&tt£«M'»ai«74&iiF.# (aE# 

iitJS—'hiifittlfiiSSfifffiBtlWr^WaS) . 
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il l? UAtt. 


ma #7: I205] o 577« <hp 

/ nE spi{frJ7&# (zct-^TrW) 

M^lBj^n/f^^^^fWM^pTtTo #!Jffli7# I f'§rMt£ <BP “it 

WM&tk” ^rte), 

it # M & ■ ft ^ & "I W t i A ft B it W JR'7 7 # ft M #t it W ® «• . -—7 A M W ffl 7 & * D i ffi e 
#11 Hellman |h61 i^ltiltj^tfijjP^tj RivesUShamir #N Adlernan |l ‘” l #§Lt l il : l < J)o 

in mi -- ■t fr ffi it m 

$fc7d$*MMAn$roA,> 577PftAndtAfft;^AnMlto ft^tJ/jn77lJj, #M 20 tutd, 
80 WAhu, ftii 1000 $flf£ffl7^H¥ 

#7 7£. 57 * A 7 7 itj ?5! n/r # *6 7 f Bl I it An 7 7 # J, 7i5t;*£7^ltA£|tm BP51537 

n®m%vm$amu&%zm, mm, 57#+A^7itjjrM#J4#BM 

■#it7iw], m nftitm, 
mjtft&TM&Tmmimftm. &nz, -s. x t^-smit 

x-zmnmwm, xA&5£Mimi,. x At^r$#AiEimi. cip 

nj] *) , w ft n £ a sp 7 h & ■ n m % 7 w tt m ft n ft m. 

#UAI4jA7tHt, ftgEMJtlfflltliB8f'7It#UftUPU?ItMJnSTA^ft >j fA It AP « ^1. 
57*7577 A-7 1 1' ittip 7it ItA® UW; (ifi]7ft A It A & 7 —ft"J it A Jf). Ktmtl, f£f«*JA 

Bp*t7^£M7#$t, fitAfk-Xt (KfitlM) 
An&> d$&&lt (£#AltAn^All§7W##aN)o 

7£, 3 &ltMim, iaft G; AgSfftfc, 

■iflfttfcEi #PMf£, ifif^D. —^X'tLtj G ffej&lftAP&t (e,d) 

. .., , def def 

tr D d (E e (x)) = x, t£7 E e (x) = E(e,x)KD d (y) = D{d,y) . WftAnfcA£M7HJfatt8M£$£ 

'I7MX7: A It ill W, t] M 7 B|J ft 5t 7 £n 51AP ^ &It 0t 7 ^ ft it 7 7 ft, rfa#AltAn^A5H7 
7 57 - * o it it A 93 An $ fit (7 J - i&Sfe¥»A7WinS« It 3ft <7 W t# fij 

mmm)o 


C.5.1 J£$C 


t§j 8#| d\j 4ttir 7 ,££■ 5iS ^ i§j 


Shafi Goldwasser, Silvio Micali, 1982 


caEn'Witt— 

nj ti W, Ij'ij A It An 7 A^itAAtJo P|J 7 't : A A 7 ti 7 ^ ft 17 ( i lit H1W A 7 "t A tJ if M ft 


M. ^n'J7^757#$fei^ftB®^7#o 577^7^c7tfefl < JSA^^.^^@X ; ^7'lt, 7 


® & t- (s it w ^ \& n- rm ffi * fi n * % * - <m-: . u%<s\-n%\am^*n& *t zwa &a « m. m im vs (sm^^ v ^ m h t& > 
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■ li c 




Goldwasser/fP Micali tl0t<l t^H J i« 

^^cc.ii a%xx±) < g,e,d ) 

B, 3ttt®W y t'*aSfe/,A:{0,l}* -> {0,1}* 

{Z„}„ 6N , f$A£|A(x)|=poly(|x|)fP A", e {0,1}", #W 

Pr[A(e, ^(x), h(x)) = /(x)] < Pr[5(l n ,A(x)) = / (x)] + //(") 

e ftV/>«AA G(i") ; m«) ^W&ifcMiSSfc. 

Mx^irr^ Ax). -^M. A(*)flJ(e,£ , # (x))»WT{tiy(x)W^ISfJi—#W* 


/Tyl»*E 


W, itimfeX (j§—'htfeJl) MM- a e h-m^z/ma^o 

'tfcX (J^H}g#^»[io8]) ^sjsccii w 

®j£C.12 (jta^W^RTE^tt) (G, E, D ) 

*t fl- ® MM J® A M M If a A , HM = 7tmi¥^{x„,y n ,2„}„^ , £+ \x„\=\y n \=n , 
z„|=poly(«). W 

Pr[A(e, £ e (x„ ),z„) = 1] - Pr[/«(£, £ e (y„ ),z „) = 1] |= //(») 


|W}#, iP«*H3e GO"). fi(n) 


Ml~* 


hnj®#wa» 


4#»ji&, iz„iWHt^T(x„,^)o m, nE#ffisra^0£i8Ji. (ia±om^m± i *8®.) 

Shafi Goldwasscr, Silvio Micali, 1982 


&Vf£M1x\&%&lRn¥fitommi&'k*, ^IC.II feX C.12 

HIM. a 

l£X c.ll C.12 --fiEHM 

M±. (BfJMMiP'*?) i«a, 

1*«fc X„&{x„,y„}±Mii%$}M, mm fftyp-'t-m t. A (BPM3lw=x n 

J3- h(x n )=h(y„)=z„, K'J /w)=l , 4C4 1 Z„ W/EXJS. C.I2)o 4) ~ AA I'll £KjilF . l !/]%iM ff- '/i B , iA 
4j(l”, V), ^^v=A(x), ^fl^^Ce.iO-GCr^^ltHAe.^rXv), A 1tt\/jlX C.l 1 o 
ffliP&WWR AHB ffilW) (HPJttflfW As / *0 {*,}„*„, # 

| Pr[Z?(l",A(*„ )) = f(X n )] = Pr[A(e,E e (l"),h(X n )) = f{X n )] 
Pr[A(e,E c (X n ),h(X n )) = f(X n )]). 

Wcmn® 

(BPBg#iM) hw*m&, m m . 

(HtinW) if a, f o i mmmmi&miM']* rm 

ttW ££14£ XWmt WiP^(Probabilistic Encryption)^"M . a#®c^ 5J Will 


© Jt'l’^tiiir&/L'bffl.Q. (ffiT'fi hSC'PW^^/fiS) (Kn!c4ftt. «!ai. 

ik • »J» f-^ |H] jfi Jtt M « SC K » w-» m rni W t Sf? i. 
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ii r/UAw 


fij Goldwasser ifd Micali #JJF^Bttlf^ 11081 .. 

3£{f]ij|, (H'ffr&J) 5feAC.ll #J5feA C.12 
nJtftto jg#J£$JiA^:jJP{S:©^xl?55>&#o &M±fe. 
fflt, 

3c&mn%imfrS' iww#*#. mi., bp 

&JL¥^nJ&T 

MIKHI. 7£, RmS#A&X&®£ : ?W£Mi£fi@M&M*'iriT6'l. 

tilicM, BPttHttT-®^i»^W5fel&ftJl.. til* 
(irW) #rjft (jaajtBM.m^wjfei&^m+^f^iijW). a? 
W&®1*»£i§A££M5feA+M^3W. JpSW^RTE^ttW^ifr^Anrffl^iiEW^iS 

5feAc.il ^5feAc.i2itWJilpaptr3feffl3t£lnaF^ > h?@J.WW$^tt c^*a?$i). &* 

4 *> mfgtmr, mRttmMtom&®*jn&ft2wXo &m 

to*5feAc.ii(5feAc.i2)M^j«:£, K'JiP^ 

92] +W 5.2.4 to. ££#3^ + , 


C.5.2 faii;fr}£ 

(£A c.3.2 ffiffim#)) 

mn c. 3.3 tr+jfeAMttB&&ia». & 

(ttt&til)m »/,. #^ft#£IIAse{0,l}"ft^fl'7. *7Jn*?BJ&*e{0,l}" 

—re {0,1}”, #j*£a?:SC(r, *©/,(*■)), W 

(«cMP4^c. 3.3 iR^aHfc). 

( 1) iiH^ii-t'^rifeW—F: {0,1}" -» {0,1}", 

(2) f#fiJ£H6: (SKIJ. Sfcl6E4)-ttlSfi#ia»^*l»#ia»). 

&£: Rm*g^TOt£ (£MftfS40. ittfrW#-*? 

(fflT-iP^) (&&*#•—*8teJtte& CiPtHKS)). 


© in®.*7®¥.feM. «inR#*ife«» ntfsmM.. m&-Kt&x<ttxm#m&Bt. (.n#j£j ha> ams. smrnw®. 
3tc.iiiw-ng^sf. (a»\b) msssmsja. 
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HM t: 


m f* ±, ms m %a ffl in « u a w, ^ m w tst a f; ix # m -t- # £ a m m {b 4 1 f^ffl -fti pj m m m . 

FIFO mm, #R®^m 


c.5.3 

mn&ni&Ps&RMT “&*&” #*> * *&£ 

C.5.1 

C.5.2 *'M5r±®i«ti& “±^J” &S. £££&&$ 

i#* <®®M3&3!* “Jg^ift’’ »!c “CCA2”)o 

fSMMfeift, Sfc^RTWSc&BWiftiK^M^^tWjl^^^S. £p^ffe 

miXMan&VK. ja#%»[92]+ m 5.4.4 dd. 

m m z , m £ # sy r ^ ie it ffl ft m & m #3 ffl ^ w m a? a » w fig § m w n (£ f a m n % it »■ r , 

&^Tffijatjp*a»waww.ttfni). “iim&i” cud ztm 

nmmx* 'Zim&ix.femztkm cw#m “apt* 
#^-)o 11 , c^-^mhj, 

j£tB^„ MWffimbnT: 

£510.13 

£510.14 ®&#£Ji®®MP6n®&, 

^TfAf^ip^^-^ (BP£ac.i3>, m 

3Mfc*X*£ia^totJI3:fcMinSWW&£ffi!3i5fc£&£). £, nTWS^^C + IJPA-^ 

“iAii^”, mm.mx'&mmmu &mm&, (£ 

^iac.6^)o *f^£#3MAf5i§ (BP£J®C.14>, 

£M9£PiR “m?MW”o 

S'^4 1 . (£P*fB£Plft X, £££A 

tb* ix wa?*, ox wexs^ffW). 

+ M 5.4.5 tTo 


C.6 g£*n?N§,&iAiE 

^£^^#^J,^53iJS|5^ijEI!r^W^ttW^A, BPMM£iii#£ltt-^ cmZI' 


i*[ 92 ]Mfii:C.l> . 
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IHTU&tti 


( JE#%3ti^[66, 182]) (KA. 

#AAifM ft##, #_& <sE#) A#“A^ttiS3££"MfchfcfiIEtfiSt 

f#jpL^i+|f:ittft, (AJifcAtfc&J), 

yiitfij, A^i£3&A-^£Mi£?itlffi&#M7A^£W*A 


^ o 


^AA^Was^AiM&A. -^iai^^rwi&ffiiis. tfttift&£ARrfT (sEM'MSfflat) 

BP£A££lttfprit±iIfgo J)t£t±^%fgil£ 
M A A- A fi it it If il f If W A A A M n £ # A iiH 'R A fit 

m. sM^At^syttui^wmm (&§£&#) m&m&mftM, (bpa^asma is 

#-ifei^» 'A,1,iAit A A F£f«A. Uu AAft: 

• *>\-mt)%L^ (BPMfnAA^hW) & m A it fri A & L A A it itt fit M A A Ik iiE A £ £ AA 

•M: itt&AsmMM: 

iAiEfe^o ffiJA, <BPftlS#^AA 8 Bi&&lfc>. HW, fit 

mxw^mr-mtm=^mim^^'Rmi] i RiiiJinM, AittA. 

F. 

AM M (tiiiMMm). 

C.6.1 

^£A£*uMiAiEA3ilgl4t3 3 AJr&M: aHB£jd^ igjtafcASlS—#. 

MAfijcJ¥&, iEftG. ^4-^ltIK^, -AfflA&£ <»&»&5), A-AfflA 
M (ififctffiin. tH,Mi£, ffls.7a)^7Ali^&S)tt$iAa<j^£^s 

£, V y (a,/}) AA3£iiF.I¥>'A KAA#a A AftA9&ffi &VI v /?# HifKJtkffi^ifc. 

#SIS, *t& G v)*n0rWftl a . W V v (a,S s (a )) = 1 /&ALo 

WftA^lttAMM££tt£jX.Ao A^AA^A. &ATOf#SiMffi^A ffiJM 
SiAffiAJHAMM (Aft^A^A AAJfHR) AntAAAfAAo A lit, MiAiAAAAM 

iiAA|WHfe^M^±WAIw| (SMA-R^M): £&AA^Iitt« 

MA, tt!&iiEmw£?f, mis. ^a 


/) 
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HMc W«l! 


vAuHf/F^o (5fc'^jAh, i^iSfTiAffiiSfjtABU . tettiKitHitf] & 7 j ^R^k/jicTfA#7 sKA 

M££M^£&7#A#3). 

J£*o nJMA#iAA. 

mm, mmw&&, *nrtg£ 

(bpa/sehwaa) 

(yA;tfj. mm, ta 

m%im&o i^o#, &.»« 

nwtsA*t “icMXM” ^aw. MA&MMfflM 

£AC.15 (^±m^.^m— #R3&) l^g, 5tt*&AWI&ffi$ 

m, (^i^wk). in a m & ba * a m a a a m m a 

M'JAAAA (£#£Mi£jtA±). in A ffr A of f r M A # 7 j B A A 

^iAWW#15MBS, PPJ^A 




RSA (TO-T Rabin AM DSS Wiii&MA) M(A±5£ AWA 
^J. $W. MMffl RSA (aSm-flfe AUl) “BSf/UA”, MiJWnTfjS&A^&A 


C.6.2 

cmm c. 3.3 ^mmmmrn^mm^mm) nsvm'&^&im 
BiAilEAHA JUm, ^f]MS:^AE^lAlili(/ J :{0,l}*-{0,l}*MftAxG{0,l}^ (W»M) 
il x Af SIP i Wfclg/,(i). A AtAiJnSEAMAA A A '/f^' B A iff. A A fpj A All-: iff Pi] A 
7?i lA b M dtA 

( 2 ) nmitift: emama^w (w»j, 

Bfr/fiBtAiiEA^ “A M 7APifil/L® ^ fflf£ ffl ” (UP$ftRfi#1 li tfc M MA$ 
B. K + (BPftf: C.3.3 ^M))o 

to, iiinriAJi] 

aE-JJI C.16 lAT 3 

(1) SiC; 

(2) 

(3) A7F.A^l7i'/t7BiAiffA: 

SSiJllftJi-, AAHiAnTO^TOJ, $t^£A3il (7f MAyfiB AijEfPjAi/j W; ff}fH $1 ) 

in{5mii§$£lftg£Al&i 

3 “M%.” “Mfr’A jfifl “iAiffW” IAA. “n£ 

#7£jt” (JSMitfifc). !&7£5£3lCMlttJ3iffl, g3tSAIffiIM. 
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<j, mm^tit (J.IS3W.) w3s«^rjfe^3feS£#*iEWffii.. 

£09. *f®5£tfj£#J(G,S, V) 

&&£^(g,s, F)WJi^^af^s.ifi#L^^ cawiGo*) 

iAffiW 

^ (to M X ') ffl U 't 'A' 0'J A: iA iJE Jl 1" lift Ail ft] ir £fl A : #'J. ft & 38 ft. f- 

£, fcSd7«^W$*®£;£fttt&0!l. fflntTUr/S*^ 

x«IE?8,8.ltt&£. K4 ) «H"Rf : fM£&£-&o T&, ^£jE$8I.ftl&£&riMrFs 

$. ^#®T-nfTntA)*IHW3t#)o *£H5fcliiteafta££ 

(tiii) jgm^n*. vm. m&fa 
aft/, 4-s^af^iH*j-w^ia^c. ftyyiftft, laiiiiS^K) 

RIMEftSn tt^HScWmA (iP^M^-^^J((s l °,s l 1 ),-,(5“,^))e{0 ) l} 2 '’ 2 , ffi&fKjftfiE 

t?f^A;(/(5 1 0 ),/(5 l 1 )), -,(/(5?),/(«i)). «Slff,ff 1M j, 

n£#iE5S 

ttft: 3££;fr3i&W£fcl JtttftiiEfc^. 

m$t, &km mft n $ts*rs®# j?• n .t.. mm® 
. ip|p&fiiifAii (^nrnii) m. wy&#^& 
M. frilMJItt, fS^lfcifc. ^i2^i£#aft&4>Kttia^Mi£#a 

£#*[92]+$ 6.4.3 U)o 


ra.^v 

Atl PI 


© tiis*ft«, %m F). fflffiftiT. IKSEffl^ t/4£fi£T~*f*18 0.v)<-C<l"), #«iiK*tU v ftl&M - 

t-^JfXft-'f. ^'#A©* {/*$*£#«#*. fflf 5 G'-kric •I'Sf (“SrifM”) *H35Sf(i',v')^G(l"), tfl**Wa£45®tt» 
SWV. «(S,(v’),v'.S,.(a)) f^X>5MaW««. ili±tt«ft K„(vVft) - • « M«.A)»»JiSWW^i 

*&iiE&2 (A.AA) ■ 

© iiM (^«E) W*45A-*WIBf^«+MiflTa : .«1'«45iae't> (WAS*#) 'I : J&. a«# f (*^) #«*±W«4c (- 
»ctt) ffi«**ww*35EW. «smi. sssj&iti. ffommw^a^^wwrrfaidWKWffl. m 

. **h. m&ffij**.® czm swj-wfl-. 
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WM c; 


C.7 

j« ®mz, 

fait (/mA) ^/n^AB^A/w^uHA 

rffimmimz* mn% m ^^Tiumta 

A%m£"Unz, &%mimw, 

(mm) toa “mr mif^mm* 

a mr mwnwLm.* aiti®wi»jftfK0r«iEi<ji 

#■ ft it, pg^&^f \&Rrt^mism±&im'fc (bp “%± n mm mn 

M^IAtT^MI!.. ii^®W^#nT#l'Mi##^:^[92]+itt 7.7.2 tu 

c. 7.1 mscym^mm 


ft*?Qjt (JSLPff^ C.4.1), 

&f^f#MftS. KiJiAA-^A^^'S^Wo ««£1*4A 

wzw&mix “®i7iiifr cbp “fimTnrftA”), mj.« 

|0)MlttM> ia-^Wmt#£##A:i«([92]'fW7.2 7r 

#J 7.5.1 IJo 
C.7.1.1 

mmmwM &%mm it, a&MMM-tssiin- 


dcf m 

*„). W5tM15Li4-tf.ffi«-tm^ia!6S(/CP»:«S^/ = XK|) . CMUtU m Tnffl /(jc„^,-,x„) = (/i(x„* 2 , -,x 1 „).-, /„ (*„ 
x 2 ’">Xm'» • Ssi’ / r (aC|,x 2 ,---,j:„) = F'(r,jr l ,jr 2 ,”-,j:^f . Jt'P r -K'l-I {0,1}' 'I'J^iJi^Hi ( K'l' /' = poly (/) ) . ITEF m+1 K 

/r-#l8fcJW>j m arFfli. 

© aiwmui •«a*±w»nfl. tfft. js«^*w»Aa!W«rawaffi. Ks^Afi^j®iCK«w. aatt^nmiMr 
l;i£«/5z. M-A’ffi. WA-**a^nI8g|S*^tl>aa(Afc/ff MIS*. K&, «« 

0f®(KiEfia$ # artmi<j jgofinrift, H^fta^^ix^is^^fiii^wiajiAiisiT ( Hrfl6tti«fiiri t ja<i>Jta:€ 
A*) . S*S. ttiffljS^fKjififc. BIl#S l i*r)S5iJ?'i:(I-W^)tri < J(a-tffi]fi3b!t)Wfu]^l!H±uTi+»fl<Jii». 
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IftttI 

n%&), cep^ 

&—2Nfc, (alUNISfc, »)o £ 

JatfSISST. Rf!H&i£±#i$Bj0rW4iJ.. 

M±, £**1*«T, 

I* M IIM »r tu £ fit fAW 1 W it 18 M ( i p *y ffl ■ —^ $ £ M t\ ] & ft fil) o 

ifclltfsy* )o 

i+JfRfN 


-«&i+i?sititt&^ cbmmzmxwm^-)' m. cwsua. 

ife) «THFflg*5ERW»[¥. ® 

*^lfct!>«W4«itf, m#fXMfsm), ftWSEM??*/ “iS/SttW” (SPW^WIMaAT 


l 4 


A®££iMTiHrB£fll£. 


5RW$£tt 

—- y^*. pC’ 


(BGW) 4'± 

^*^#^*W»1:±PR 

&-mmm*WBi&&xtfoftTmTSt. mm, KWS*a&#M#-*s 2 rdi 

c.7.1.2 ^<50: «ttffi35»3ffi9^75»iSt 

%&-^±3&8N #J&S2ttfl«N i+JT^RlttSc^. a»S)£j8L— 

^rw^fnrtitSc^g bw^toa, 

(£*&tis4o assyiP*#*oi^HH^ 

M, RT!0g§*S&fc££ 


® Mftii, &«tfitir (IWI:C.7.1.3) 4>, K W3« i»*lit* ttfffN tttt«££ttfr »#*. &^i+IM-f/nm. ittW. ffl’IW 

dh«iA-5£jt) 0mitwtEn»msT. «*-A‘S8«iii>±. 

MTWflteJjJctotoSiZ; &&&«4Htit. t&S#*r#'Nl£St-F. 3Cife»^a#^£IS»«lfcfr2.JS. am 

(fl-srif^wwwTwwswa^sg) is. rn 
«a(Kiwwirt*#. tfeitsift. a*s*as;««Twas[^»^(»th<r:«Ti-jt hMPBW. (ae*fl.««>fiTwaf-»7AiHSw 
fin rt m m w # w * * (eus m «{& w j» & * « &fM<T m m ttizmv . 




^ ^ m 7 WiX /+: 7 & f7 a &IIS 7 (7 7 # A A 77 A 7 ft A) tA 

tffftwttfw. $7 jm. a 77777 #aam u mmm” 

^x^±^mx ft. iiisa?ta«i«ST (BP^iAnnrAft) ft- 

A&7M&M.. &73Mn&Xil^^afcJ#Eii#&ft1fri&MtMT. fr 
ft£&$nTA&l^M a *S * M: 

(D #»^£iii£71§AM$iA 

(2) ifeSiJ^fW^MMAB. RT^^J3tffiSW«rai^SiSl^ffllSW#^75r (53fiiPS. 

#S7M0r7i?imE mmm^^s\mmmmm\a) « 737 # lia 

&mm&, »iAtAtr7. &&i 
wtfw»[^«i*e*!i3k^»#-^^rw»*. ^to3I3:-7i£M.$is7 (7MM) »mm 

fexc.i7 (£±mi$L—iim) 4 f tkrn-mmmm, m-u 

mx* 

• tt-vm'l 77"S # AA (MJAAftilfitM) MMM&7 ^ |H-7 m-tffll x, 
ffl REAL n A?)M-'Aiif h, M*nftt$jAx SHiMT4 , f#¥ , J£KJ w 771° 

• rt^nmim-ftmx , jbreal, r (x)^& 
&7 AffiMT. AAMWH^aMfM^mA J wmtf 4>#S'JW rn 777 

MM7 A, 1£#W£fB] {REAL r| 4 (x)} ? IP {REAL, „.(x)} r Jti+IT±7oJE^M (£U)£J5C 
c.5), /. 

7^. a ^m±m^ n 

iiJftmXAF^frKH^^gaWMSPliA (M77»A#M«A), £tfriSt**±j5 

1A3®777l an<JIt A|n $fr,7,) (77^M7ftAft7. 7 if# 
A A^MT'l'Kjfs.i.; 4i7MJ ft awjLAgffiiJS^m. 

fex cm &mmnmm%m, wm a ja 7 m mm777 a la m. 7 mmm atm it 

it. MW$|b] {REAL ru (x)} T . 

&7i£*M7#AA.£|B]lttfsiI. {REAL nM 0O}, . £3 — At®. SDcif] 

#-j£7ra7UT7, rAA#AAifWiA, {Bi&7ftA££^isftaMftmt ; & c&mmxfa 
ffJWW) £*i:j&MMM7, 7Ai7&7MM7#AAMiiiA (& 

% a) 7). mtiftimmimm c&m o> 7 a 

7i€ft#7 £M7—7#AA7M7-i7$ffl7 

>M7A^5> aftmw. 7#«iS 
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il-ftU&fl-: 


mwf* %-ftm, R'j£»rta*irt&w$ 

££;*fitlHtWWa&M (JAL C.7.1.3 )o 

C.7.1.3 S-T<50?: 

y&IBttJBJB., (iP^C.7.1.2, i+£±W# 

ftj (&¥)<• 

M±, ftiimftmift^ «J—M-0-— 

&m#MWRTft&££o ®bp®£«'^1x#M«- 

fji, ***&# 

hj it, %&mmmrn. %+m^&* 3 ftnm&&m®& 

X&Wm (IH) ft o #»J*. 

(1) -If—AT# d Bfft^ASi3££noT{j=i^f, @ BW^uA, 

—+&*§ft. 


o) tu%m-^0ftftm*m%ifi, tm^'^feft^faWit, ^jwj, *s 




31# 


( 4 ) *M.RT#F^i!i»ffi^Jia, ww£ift#wnr 

tg#ST^fWB^PftE (BP'BW^^ttAlP'B^SiJMijtii) ^EfltJt gBWIftiil. 

tt&t, a, 

¥a\ (Mgmia&mM) #,i?MM*£ttiMEit-$f±&*fir%#to. &&#%, 

ttmmfn&&iMTisis (bp+±) tti&-ftft£.m, bp 

m (#9JS 

tEMftft&q* C.17 —#. 

it—/>Wi'ti&E#%3ti^[92]4 , W 7.2.3 tf. 


C.7.2 




31—^^ifeEfel Goldreich, Micali, Wigderson fP Yao Hi 1100,101,2411 = 

fc«*flKt*S! + 

flS£#2EJ#3fiMP6nS&. ®£££Ari+#£lUT 3 *M£MT£*TfBM (#JAL##3t 

ltt[100, 101, 241], aHyj*L#^i:illtt92] + fl«J^7<E. 


® fflltZT. &%8u8.m Wt&Mffi&AT (##W# c.7.1.2) , «*W#^-j5raWWSJSBW»mW1ll«#^d>JSL. '&HTWfi)K 

teEn®c^A-:-e^)?g^», om«fyd>»*w$#«*#ift'j*, mlw* c. 7 . 3 . 2 . 

© Ml Wit. 
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(1) cja###®^]^ 7 . 3 ^). 

(2) <XRTe«!li>##-^#±^St¥- (M#«llR[92]4 J lK 7.5.4 U). 

(iB.##^:itt[92]+fl«I 7.4 W 7.5.5 U). 

(Bpam^isia “M^ii”). 

it, m±, (M&vsmaknm 

icorw^arsifsito 

^cim±mm< s.fti t ?nnmjjMmfo3 i , <&ji«ia&w#it#£. pj^uatw# 

(M0%JCffl[34, 53]): 

(2) Psfl£&U'J>T 1/3 #if3FtKj±jS&8t¥o 

M#i#aTs»¥Si5nnsii£Sisttw. 

c.7.3 

^mt^^^^^^ [, 00 ' 10, - 241] . t5t. (ffi£» 

S*M£#Mi3fM) tIM, (M#1X 

i^sifrsyj&^WTra^hiy, 'Bfj 

RrwrsAiiffltfra. 

(ss y h^foifs+)o i%± 

£4?) c^> 

C.7.3.1 

p^mmizm mijitw^mm* 

AKiMwisi nm“#” n. ^wmmmm\t0^yj^n%x“m 

»$&a, “mtmm” m^wi, 

fP mod 2 bo Wyt. S BWfifuALt# (alil^p^^#%# 

»«£ai- y Mffi#ni. Mfiwt&BWS). aus, mis 

W$05A^fy S BMliijilj^e. Ty^^nfKl&tilTj^tiPT: 

• sigsy-'h’m gg^ffsy^ 

fnwiiii^±wi^$ti. 

Mo 
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wnsam 


»A*&h mm, s 

inm-Timm), bp 

((x i ,y l ),(x 2 ,y 2 ),--,(x m ,y m ))t->(z l ,z 2 ,---,z m ) (C.l) 


m 


t 


m 


\ 


f 


m 


\ 


Z* 


(C.2) 


ZHZ* 

,=i A=i y v/=i J 

BP z, ^it(C.2)SS^l^5£« 

mjs, #aa^&*i RBP^h-mmm 

WLt#{to AJt, #-^^iljiJ:Sgit#^i(C.l)ff^(C.2)^] m ftffe 

m%±i+nm^ am) 

W” (flAKl) £Avfi?o 3:^:t£h£A 


f m \ ( m 

Z*. 

V «=i y 


\ 


m 


Z ^ r Z x a, + Z (*a+a a ) 

V /=! / i=I l^/<y^m 


(C.3) 


nimni : #wi-\-nft(.c.i)%}&(c.2)&} m mmm 

2 W): 


(.x+m 


B 


def 


(1) *$A# A A i £A±feif@: z if = . 

(2) ^j§. ^A#A A (S[I#AA / |u 7 ) AAttntA- jc^twcy filMS. B|J # A A i In 
j (ftMffi^iXhyd In (Xj,yj)), ^$^:±tkit#^t/lfltlMA®IS( ((^.y,),^,^)) i-> (z, y ,z y ,), A 

A z KfiUlife^T- z y +z y ,,= xpjtyficjo «£tfr±ifc, #AA j % JA&# zy,,e {0, 1}, # A A / Hi j £A 

bp 

iix„y i ),{x j ,y j ,z Ji )) m> (Zjj+xjj +y i x J ,A) (C.4) 

^TJn AAf? A ° 

(3) g/s, >(|®A /=1,2, —,m, A In y m ,z,. ^flJ#AA i Sl^fKjffrSSo 

#ja#%it^: [921 4 5 fi < J 7.3.4 Ain 7 . 5.2 Ao 

l-out-of-4 IfllBSilki^, 1-out-of-A 

#^Atg^MA-A#AA*#A A M!g-A#AAA£uMAIM;M 

A#AA#5'J. ifeStSitt, £*fcifr5t(C.5)WAa»M*fca£-£it-jr, BP 

(/(s,,5 2 ,---,^))i->(s, ) A) (C.5) 

f:[k]x{ 0 ,l}*->{ 0 ,l}*x{A}HJnXWiliiiSlffl^«rAim(/'( 10 '). </M ”, 

XM)W 1 -out-of-A: tt®Lzh%±# JA^it#. &A / (y) JiH-A (H~A) # 

l-out-of-*A£2;t#$t 

nm&M (c.5) 

A: fcA/e{l,2, -,/t}. ^~A#-^A^*^ilA. $HrA(<r,, 
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02 , &k)e {0, 1} o 

pm si: * Kill /„, #&*&/« (BPtf-Sa) 

pm Rl: JtfflrWy*?. 4 yrUx,)^y t =x p # 

mam 7/a'cw)= ih^hsm j*p&rnm ^ a '(y,)). /h-aist 

^S2: ^MS'JCy.,^, •••,7*)M,fflPSn^#^PSn/,^:it^rxd-^ye{i,2 I -,*} 

iflf Zj- = fa'(yj)o k 7 Ctli(CT|© 6 (z 1 ), CJ 2 ©fe(Z 2 ), "%CT A ffi 6 (z*))^i 2 l§n « 

R2: MS'J(c„ c 2 , -,c k )Js, MA£A*tM&tH c,©6(jc,)o 
fTSfc, MfiJ&A1MtlE$J&TO7 1-out-of-* BPMAWAi&iyft (BP 

c,©6(jc,)) ^±^(cr,®b{f a l (fj.x i ))))®b( X ,)= o)o mis, aw a ft -am 

1-out-of-A MMlfe, Ai3t AfSWM.tAtTAls£f#{i{ B I{ 0 ,£l>> J^S 

£x*iWTO{I, S^jRfdiyTfflNW^s fllfcjifeift, -jK^#^W*#D„W&:£#tf 

WtuIK^A, D a ±^4S;^^pp<j7u^;Sffl /^/^M D a ±iSj^|^fl<j7c*)o 

MMA, *&&WA 7i tx A nm ip n h7j *P i£, Jgg&ft M, MAt&Mw 

nt—WJ&SHTC^a;^, CJ©^' 1 ^)))), 3£4> Xj £ D a ±£jA]#*jJ, MEkiltfaBAMo; ;i A 

TOW. (#aiWiiE9iJSL##i:itt[92]4'W 7.3.2 tT). 

C.7.3.2 

ililM CiMiEW) Byzantine tjfrMHMX, TO£Sl0HfcfflWr# 

{git, (& 4 ^«r{i{Hit) warns A«aw««u am 

Byzantine (JlMAmPilMAgftk^^WWWffiSffB). 

Mftwjis. ammotmuebji (P§tc.4.3.3tfiiiii) 

A A flHXW^uS—$U APBftJ^Bt—M—SfcfrA; (BPftc 

A (fi^gBWWM) *®£gaWWA (H./^aaW«5i15{lt). ^JgJ&KHXW 

-*Nfc«lsiJFW:ifr. fifttattiitt, «3gtbWtt>« £ 

f"li{fil±ii{T) istf ^PT: 

(1) ^AMAo «-^r*«iaw»A (te/a ws* c.4.3.1 A 

£j5CWj|cW#sfe>. MU., (JE 9.2.3 I?) *iiEiJIHfefciit&aWWA, 

£#if:frWWA*iaSffetlWtoA). 

( 2 ) imp. 


® ^ -fl'M#rr'l'©S«iff DafkW-fUti (B|ia«)#ffliiJft!j|®tllWiTj#a;WW#fJWWi#2.(B]#?t-:®©©#W^«tt) . (fa — 
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itnum. 


mmmm. %#-*§a x ^ww^i^jw^— tt«p 

&, d3#i3^XfD^M^#^^^fS]iatTW(riiri < J)«!f!it*iX(ja##3tltt[92]>4 3 W7.4.3.5 

To /g ffi W W iSL A K- a # A A & 7 at # A A x 0rtfi!lMt§*W*i£. 

(3) Hfr^±WWSS[B&±- (AM££aiXfy±^j££fMO AM 

^-Aas-T- “siiiK^r cvss) -tfrist (a##* 

Sfc[92]4 l W 7.5.5.l tD #-*fdlWtoA#]BS#l#iA. ffll&ifeW. VSS tf>«;fci7^#AA9&iJH 

QiStfffiGifrMttjfc i^. js+aa:— 

'KM.Hi®®, vss vss 

fr. PJ M A : (7 # % A It <$ —& S: 7 j f-H # A A x iA #r W $B 3?, A A a M A fe *7 A iX fft A fr° a 


-#W$HfcPI±7iliim±. 

(4) liWWI^Ift. -E.±M#m±i$’£f&, 

T-&ram <to®*&ftifc+0rfll5£W) iti^gaiA> fii#l$&A, WMih 

aurwisciiJWJBJi. (*T*jfii±r##itssiw. ffium^Amum) m&. 


<$n*Ni (1) 4^&il£l<J) (fe(M* (2)) 

#l»A3tE&j£. 7 A. (&g$&W*0rfli£fl<J) (SP0fiI 

W#$#a&r*#^£i£M£fli#HJ§.) M, 

NP-rrs, AJ.£iiA*Hii*B&itt NP-M (BPgaW»AjBiie#UftAmsffifit 

aa, ^aA^waMw^As'; (fr^a#A#AA) M&apmt 


:iiElfift#^Jtitt[92]4 , W 


» C2 
^$£ C3 
#m C4 


£P7±AMa&Ai«tjm; 

W±WS£W$fcflE##:fcilft[i<>o, ioi]+^ajo aMaiPTc: 

7.4 7jfPl? 7.5 UT'^tJBo 

immmjj'M, »»«. 

iN*Cl: #AA 1 ±&^ia#<re{0,1}, c 3ta*£#AA 2o 

#AA2i$jAja#CT'e{0,l}, A^a'&a^ #-AA 1» 

#AA 1 lltiJ{io®CT', A^oftUS^gfsJA — j&2ta£#AA2. 
#AA2M(<r, ^Ji^^fc^SgCl 't'iiMco &*»£&#, PM 

rttoeo', ^pj, &it#*&da, ^jj^t^aa 1 w^a^fr+AAm^o 

fmttl: #AA 1 Z>=(def) c7®<y,, W# AA" 2 IsilHj 6 j$_L„ 

Cl *P^SiC2 RTMi&a* “»il5SyiS®". ltbfTf (BPfcN* (2) 2J5). ffiM^a 
MM/£ (MA+S^-^IMfl). fittW—^#AA (BP#AA i)“MfiJ”(BP£qiI) 
a^hfto M$. $n£W^#AASB£irt&to. PJteffJ#$&{ii*0l§lftN C3 jfu^SI 

c4t^a,7,^wi®tii{to Ma, n—iimfawfo&jk&fyftitm, #aa 1 

#«( 3 ) nrm?i#Mfl«jjifr^±. lE^aii, (^ 

##^tiW[92]4 , (K)7.4.3.i 7r^ 

^5c7a y M'f7o 

C.7.4 ^pio 

lfC.7.l £+M£JX.Ag 

^!i$p, c. 7 . 1.2 

^C.7.1.3-7, ^tB7 “%±£M-\-W” M^-^WJAVF 
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*±. mm&i&, mmc.i.x.i 

J?ri$, RT^tfl—:#Mg&M£j8C (iPJfc#£j5CC.17 

nm p/f m f'j w s x m w u mr m* £ x ^ m & m & (ft ¥>j * & n- o ®t^x4 i “mr 

(iis)o ESjtfc. <-»M) fexz&m&to 

C.7 (BP*i*,5fe^WR«!l. SS&SRftJM 

mil), mtzr, 

SW + JE##3ti«[92] + W 7.7.2 1?)o fflS, 

&b?±. an^ c.i #?&. «±. #*®sfc*sifcii&Sc0r£ 

JJCWJftJS'S. a£ft&#toS§ 

itrMm^mmm^x, mmttz&mmm (m^m&mmo tntt. 



Adv. Klara Goldreich-lngwer (1912—2004) 
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fix K Bii m Ep B9 HU 


{(JiVnBj 


# • «&■**«■& -Nfcte&fc, $■]# ( 1985 ) 


rt$«« 

«E^ifefi5#ftJiRI»7^}Sm3S ! ^WB8#l3g*ffi^ftlW. MJS 3 fffflim: 

rnman* 

1ir»ttrt£fc}S»?!U MTffm, OTISMffi ($ t-%) Sd£ Hash 

WS.^ l J^t$[^y?IS(Leftover Hash Lemma)&^^Jf^o 

MR^U'AAS 


D.1 $«i£Sfflli 


($nS6.9^+hTiA#?iJ)o MiftaMm# B&»iS 

D.1.1 

figo BP#;fc£l5H§0rW / tfc#$£Kj|fe£-, ff. — Mift, BUfLSg 

wI'JR'RS i'hjwsi. ^aMMA«NPAt'tsij-ffl-jafij^^$ h , & 
£—3fffi, #'tTRs^WSl0j, IMgiti&ltl$i. Wn, gKi£ 

7 0 .- ^-rh 66 fiFP^r 6 a 6616 k in siKM-fitirtt ;^rRY: n~r v-AAi-i /a n„r v_i i i i_o /a / A.V 4 -Y: 


Pr[X=00]=l/4, Pr[Jf=lll]=3/4 (&#— 
{0, 1} 2 ±, Silt, X(11)=00, X(00)=X(01)=X(10)= 111 )«, 
ItHIIW- > hS^$^JJiRfi#iaS (Wn. £6.1WUlHio 

0fWWm$»rgltM®5fe^3Cfl<]«^m (iltttffill). Pr[/(Jk?=l], 
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pfi d d m 7 it w liij fni'-j!a 


Tfrj / fi—7 ®fto —£—7$E»a 

MMNM amm) mitt, Mfl( v )^7W7 

&&&}!$fc 3 tik£'X W&VX Pr[X=xMmm& x Etf B(xj) 

mn, W Pr[X=X] = 1 o MM. xffly W7I 

W7$l3:&TOJI 

5 g*o ln$kX %P Wa, Pr[fi(A'. P)]^^W PrfA' = *]• PrjY = y] 

mm$ (x, y) ftt B(x^) MMo min, M 77 M W7 377. tfi I® Bl/£ M xfu y. Pr[A'=y]=i, 

^.@.M X m Y m j 771 W ()o 

£ 777 , u n ^&&mzin w^« e {o,i}”w. 

Px[U„=a ]=2 ” , ^MiJ^Oo ifififJtJSL {0,1}" )» 


437, 7N->N3j£7Mo & 

1#«"F. x n ii'rf^{o,i}"±W5>*‘, S*«ft!itf^T't:^{o,i}' ( '’ ) ±M^4iJ. 

PTMSSf/lMA^n yMitS§?S jgjWF: 

-•^| p r[^ = v ]-Pr[Z = v^maxfPrt^eSl-PrfyeS]} (D.l) 

/ s 

v 

M*4n yffi^itSBM* (i£*7) %8, MZ, xmM Y&S-&i5: (&8-&l%) A<j. 

D.l .2 

&3 77^Msy«7Jt£{iM®f7£s, mm 

D.l.2.1 ^qTJ^RfSC 

^^HT 4 c 7 ^^i^nB 7 Mta^*e<JT#^#, smMMT: 7 * v % 


Pr[3f ^ v]sS^^ 

v 


(D.2) 


Pr[X^r-E(X)]^- , ilH UflttP F: 

E(X) = ^Pr[X = x]-x ^ ^PrfA" = x]-0 + ^ PrfA" = x] • v 

X X<V Xc£v 

= Pr[X2zv]v 

d.i. 2.2 

M5,7oJ^7^. &73W7&tm 

7:7«. (#M*t7^M-7afitt±^ 


421 



fff). ■4 

#&s> 0, WJft 


til&AX, ftftVar {X)=E{X 2 )-E{X) 2 , WtfcS^^&T: 


def . 9 

ffiHJ: feX— = (A r -£(AT)) , 

\x-E(X)f 


(D.3 ) 


Pr[\X - £(Jf)| ^ S] = Pr (X - E(X)) 2 5= <5 2 

#ife( ): 

mUXMftRl o Mi,, jr 2 . -- Jr n *J&ttSi*A<j. 

SjftfflW/ * j 5fp a , /?, ft PrfjT, =ffAl J =^] = Pr[ Jf, = a] • Pr[x, = fi\ . }§i63lft£nT: 

4- *„ jt 2 , -, x n . Mft 

ir—^£>0, ft 


Pr 


« 


z*< 


1= 


/7 




cr 


£ 2 /7 


(D.4) 


m: s xMtmm X, = x , - £( *,), m x, m&i&xmALAmmz) o G *t 


MST- 

M " 


Pr 


« 


Z^ 


/=! 


n 




Var 


< 


p —1 



( n ^ 

2 ~ 

z^ 

E 


z* 


L w «J 



V 7 = 1 > 



2 2 

£ • n 


WMiMimStttlt. 5JH»M 



V* > 

2 ~ 

£ 

z*. 



V 7=1 ) 



=I £ [*. ! ]+ I E [ x , x ,'\ 


1=1 


33 Sft m e[x,X ~] = e[x^ e[x ~] , ftft £•[*,.]=(), frWft 


. \ 2 

z^ 

7=1 ) 


= n-cr 


D.l.2.3 12)l£^f? 

(d. 4) nxfe); gsawi 

4 (#lffi#l3gl: Jf,, Jr 2 , -, Jf n ft «,,a 2 ,•••,«„ w 
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m>& d 


m ftp, m tan > t -m ipi iftf'j a 



Pr 


n 


X*,=*, 


/=1 


= nPr[* ( =a ,]). 


o 


'MfH, -«8£ 


l 


jio-i (HlfM^ol i) fcTCH^Ih 4-p<-> X, x 2 , 

WPr[A r i = l] = p o Hilt, )t i f^ft^£-e(0,^(p-l)), W 


Pr 


rj 


Z*. 


1=1 


-p 


n 


> £ 


< 2 • g^'-p) ” ^ 2 • e -2 * 2 " 


(D.5) 


HEMS: ±#Pr 


n 


n 

^ Xj - pn> en 
_ *=1 

, Pr 

pn~'Y X < >en 

/=! 


def 

l^l#W^o 4- x,. = A',. - E(X i ) 


&IU>0 ( A = 0(elp(\-p)) ), 

a l-l 








Silt, Pr 

t,X t >en 
_ /’=! 


e i=l 


./l£ 7 J 


= e 


-Ash 


Y\e[^‘] 




e ,=i 

%rimk£TMvEm. 

e x <\ + x + x 2 ^&R.'m'\E{X i ) = 0 , e[q x *‘ ] < 1 + X 2 e[x]\ = 1 + A 2 p(\ - p) . 


H lit , e " lff " -(\ + X 1 p{\-pj} < exp(-A£-« + A 2 /?(l -/?)«} M _h If- % Pr 


n 


Y J X i -pn>en 


1=1 


, S 


A = s/(2/Kl - p)) 

T, e [0,1] 6(0,1} . 


4p(l - p) 






(iSfiTftSr Hoefding ^ X x , X 2 , 

x n % mmm%[a,b], /=-r, £ (^)^ifswf 

n ,_I 


Pr 


rt 


I*. 


M 


n 


> £ 


2s 4 


< 2 e 


(A-*V 


•« 


(D.6) 


tft T # t'SE: It tiffin Hoefding -i^it S'Jf'Jffl Effl][a, i]SiJ 

EI'bJ[ 0, Slt#S!|c1#^Rrffl^j£j8t^a^«± <W#) a»AW$HI, It 

tn%mm 

mwmmmiifnmko 


® imw. ^iEatiriiRW$P'J<±'7l'S) : RT X, <=[0,l]fM#ffJ, 


rfn IP A",, e {0,1} , 


A Si Mi .ffi VarfA - ,] $ />(! - p) f/ihlLiBP oJ. 
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ii r/UAtr 


D.l.2.4 

Sit (D.6) 4>, Ma = 0<ju<b = lo S&ftlftaT, « — 

WJ* s & e 2 n o S#Wi51W^^J U> S ) -ili 

u, s« = o(f- 2 -iog(i/^))^#*^W^r#T^^Wiif'JW» Silt. 

*j-fJr#]^o ti&. Sit (D.4) 4'. ( £. S) iSftlSS 

n = o(s~ 2 -S'') 

ffirSfeU®£• iSXlTMWI&AtfKjfi^iSWW > S#^;SA < Ji , i—tfc^ST 


D.2 ifc ?ij 


@)lMSiJ{0,i}"±o 

2 m -B&St/ s :5^{0,lflM, —TitiSfcMlft 


tt (s^RrtiflssftatSE^^s). m«. s^ss-^a^/:{o,i}”^{o,irti^w 

*f& (JSItel-SfJffi) 2 m : f^[0iMSlJ{O,ir±o fi*. STTH 

/:{0,l}"->{0,l}"4P : fi‘3i > httM. XtTffi#Se{0,l} n £Kj 2 m Til> / S 

PJ{o,i} m ±, 5 . MSI ST. -TJUF.0W/1 

(M*flm-^®*M*4£2rft). Hilt, tillf ftW “ 

IHR&t't” ttM (D) 

ft (jpuiiTjex+w^# ( 2 ) ip (3)). 

D.2. 1 

v / m<n 

(1) 4f^-tSe{0,l}" , SZ/rT^^Ji^^X^fflif/?^^!^—IIST^J'tlWtritie s 

WkMM {o,i} m To rna, 3?TXTTS;I;|s| = 2 m SSS* y . ^fAM, WIKitjMMW 

||x € 5: //(x) = y} ^ poly(«)» 

• . 

(2) Mia, RTfi6H^//;={o,i} f( "’" ) . . 

(3) i^iio fe^cjiss—IftASSW^^ 

it, ma (Szz;T), ?f$x e {o,i}", ^jhmui/*(*). s*®i#aTa#jtsnrft«y^M 

(1) W*@TT*fR|. MT^^{xe5:A(x) = ^MTT^|S|/2 m o M#flJ (2.3 

W). *bfc# ( i ) f-7C»:fcto 
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d ft* ■* ifc & fili Hitt' f* M li'j ftt M MS 


feX D.i (/ 7 c^i:n^#gilSj) ta^M s f-iiMt^^^i^.7i t Mx ] ,x 2 ,---,x l e{o,\} n failM: 
yi ,y 2 ,-, yi e {0,l} m W Pr Aew: [<,/,(*) = y,] = 2"- , Wa - n K 

81r-Tt^Sl&llo 

M SiJ^^HSIlo *J-^ 2, —h e H~ 2 


>-m 


D.2.2 #3 it 

tsATttiSfiltt&Xt 8.5.1.1 8.5.1.1 

ffeliSt D.2 (/-TU^lJAtO'iJ) Xt^r,/w,«eN, w<«, %J®W TJE n %} m 

fft H” eSiSfJ^o 4?^ f s =(j 0 ,i 1 ,-",5 f _ l )e{0,l}'” T —It 

h s : {0,1}" —► {0,l} m , KlmtkMI, K + 

y=o 

7tffMWMGF(2")±Mi£#o 

ifrS 8.24 M, ^3it D.2 ftjft7—^ aftttffl/ = 2j£#/ = 0(/»). 

*T4-«3tJ£«»5(l. MSjMlifiiMGF^'’), =Bfci||#%ffrB 8.24. ? = 

WiSRTSliira 8.25 0tZ-T. Toeplitz £P$Ji— 

^B|J^r = (/. y )^ Toeplitz > PM0rW*\ y Wy,, = y + ,. y+ ,. 

$J D.3 (;f}—& T % nxm lift Toeplitz £iil^, b%m 

iftlRJm. h Tb : {0,1}" ->{0,1}" feX% h Th (x) = Tx + b „ 

ifrB 8.25 M, ftjg D.3 Toeplitz £EP£ nj 

n+m-nm, m%m&&nkBL%»+2m-\&ft. c^wf 

it (8.18) JeLIc>}c^J m-n + m WIMi;©; nx m £EP$jTn# Toeplitz 

D.2.3 §H& Hash 313 


a4ftfflJt-T2.i U*SSIWfc#T ($n&# (1)) W “/ITO^To WT£tiiA<J3IJS 

(g+an-g-T5J—ita#—ja^a d.s>. 

?I1 D.4 4-«> J.«^/», HZ % 5c{0,l}", 


,m 


IS j€{0,l}'" ^£->0 , i^ttif^J^^il^-j—- Eft h e H™ .zl^b h, 


S 


l 1 - £ ) • tr < |{* e 5 h (*) = t}| < (1 + e) 




i m 


(D.7) 


K*a 


ii*: itf-PWWttJi <£t I 7min, {i6S:*(^) = ^)wa«*/h*jJ^-. )t)BM4US'S 

2 
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iS-t-?BllKWS|5|^2' n (W.£>\) T'A '^MX* fix & e = }\t /|s| - 


i't\y\£tfih<=H” z 5\{xeS\h(x) = y}\ = (\±£)-^ ° Hilt. W h e H” , 

£■ S rt ^ WM&£ W A 15 ft. 

ffiBJ : &£££&£■ 5 c {0,1}" fnftE y e {0,1}'” , A e H” 

( d. 7 ) w he* = && hu £jjcmm c x . lam h(x)= y m c x = o. m <r, = c (a )= \, 

_ def 


xeS 


WttWXT'^X, W 


Pr 


m-'EC, 


xeS 


> £' JU 


2 2 

£ JU 


0^*f^FWW<fkl£fKj£ t . WVar 

-#*r (#*?!£•) 


IC 

xeS 


< 


|s| • 2~ m , WRE[£ x ] = 2- m o 3lS?f#fiE 


?I1D.4 WiIEl^orWfi5#-rM^iEl^^f^ > hrc{0,l} m , *>0 . 


\m 




f 2 | s ll r l 

Ae//„" , W |{jfe5:A(x)e7’}| = (l±e)-|7’|-|S'|/2* ( lg : #P * h(x) e T fP £ x = 0 M 

c =C (A) = 1 , ). |r| -|5| > 2 m /f 2 *p m = n . 

sus^pjw^ia d.4 

T cz {0,1}” , (frl|r|/2 m ) lift ft 

sy Do syiiD.4 ^s^x^mheH:uim 

£a d. 5 (*&istfij3i3) ^//;w5 S {o,i}' , $p?ia d.4, -n-n.%.X£=p m /\s\o % 
5 fp H” X m H , jfllj (H,H(x)) m (H,U m ) 

X) 2s o 

AM. ^TaEiS D.5 U 3 W Xftl e RUMW) a > 0 , a (ft h e H” 3L&h h(X) 

^u m M,(2£/cc)-mj£M® (^ffttD.4t(l!i*®, nJWifc/CMJ—'tMM (M# 


>A. 

"Za 


'jS /a fSj iji nj]) ) 


tl 


_def / v 

{h,y), ^E.K=(//;x{0,l} m j\K, m*m 


iiE0@: 4^ K (D.7) 

(h,y)eV, W 

Pr[(i/,//(2r)) = (A^)] = Pr[^=A].Pr[A(jr) = j]=(l± £ ).Pr[(i/,D m =(A^))] 




® M/TffifflS— jS. nj«» C =*^(A) • ^ h(x) 5 U m 
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>fi n m t>ifc «fill! >k ISfimtl 'I'M iw i!i l‘«J '& 


ft — ^rrfi. Him. D.4( >> e {0,l} m , W Pr [(H,y) e F] ^ £ )*D £ , MW Pr[(//,£/„ )e^f, 

K'J 

Pr[( //,//(*)) e k] = 1 - Pr[(//,//(A r )) e F] sS 1 - Pr [(//,£/„ e P)] + e < 2f 

x%a i. mm, mw 

^ = f Z |Pr[(W,i/(Jf)) = (A,y)]-P r [(//,t/.) = (M)]| 

+ f Z |Pr[(^.^(^)) = ( A .>')]- pr [(". £/ .) = (M]| 

Z Z (A,>»)eK 

+ ~ Z |Pr[(tf,tf(*)HM] + Pr[(tf>tfJ^M]| 

Z Z {h % y)zV 

^ — + — •(2 e + e) 

2 2 v 

W|a-0|<a + £), 

ffl7±3£M±PS (BP Pr[(//,//(A'))eK]^2f &?r[(H,U m )]*Ze ). ^S#ijEo ■ 

MD.5 

txcp(z)^^tz 6 i)«ii$, bpz 55- 

def „ , 

Wlfil. c/?(Z) = Z! Pr [Z = 2 ] o a£JI D.5 WTS3 7^3£iftBJ§; 


(,) — iu%Ze[N], cp(Z)^(\ + 4£ 2 )/N , MZ&[N]±&sTfLWBi)k& 

a 0 iE m m w tar & m ® s % z h [w] ± ® % w w w m it s§ ^ . he b^ 

/ \ def 

cp(Z)^{\ + 4S 2 )lN . j£j5U = {z:Pr[Z = z]<l/JV}, W*£3/ 


cp(Z)^|Z,|. 


z' 


V 


Pr [Zei] 

w 


A 


+ 


(*-W) 


z' 


V 


Pr[Ze[zV]\l] 


\ 


AMI 


(D.8) 


J 


1 + 4 S‘ 


8 = p-?t[ZeL), p=L/N, i^(D.8)WWii^W 1 +— 1 ——! 

0“ P)P 

( 2 ) (//,//(^r))wMMM^^(i+(2 m /|s|))/(|//;-2 M |) (RW^//;^afflW^#a 

Wftife. a#: c^(//,//(A')) = |//;p'-£ // „[c/z(/z(A r ))] , rfij 
I *[//(*, ) = //(* 2 )] - « fn $ W |s| + (|£| 2 -|5|)-2- m , E/f & 


Jtj ,jt 2 e-S 


cp(//,//(^))<|//;p' -(2- m +|5f') 
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(H,H(X)) H ( H,U m ) y]2 m / 4| J| -&ifiM. tt^S D.5 

WIlftilMttlll. -tlSKIftlWiWIWtllW. 

5«t>jg*w»ai£^iii!ijwsni. gnjfijffly. 

3IJID.6 //;^«7C»^fit«. Sc{0,l}MlMfffIf6(0,l), 

l^^4ga;Lt0'j2' n -(«-2 m /£ 2 |S|)'' /2 fl<J A e//; 2.*h <D.7> ^WyefO.lfi^^c 

^l^±, S'MISUSE#2 m <£- 2 |S|/4/7 S w = log 2 |5|-log 2 (5«/£- 2 ) 

^iiET^7C»W^fi<J«M*(l±f)-|5|/2 m ^5^Eft. &0&%\S\/2 m =5nU 2 , 
ttfa&t#Ss = l/poly(») „ il^f&ijEkl^Sl D.5 4 , lft^i / fclc!!'§o 

tEUJ: WTi£>$#%3lflD.4 WM, *Jflll5fi#l$* (*P£,) 

t-n/2, mmmim2t' h $&frtfr, (w^d.i.2+ji&) 

W4tr. D.4 WMffilw], /*(x) = y W 


C=CW=1- ^// = e 


Zc 


L*eS 


= |S|/2" 


Pr 


^-Zc 


xeS 


> £ ' /A 


E 
<—- 




\ 


2 / 


Z£ 

VxeS J 


z * 

_ *1 .*2> "»- r 2;eS 


[nr.,?,; 


*V' 


.2/ 


(M/2-f 


(D.9) 


mm 2t-jtm^, mumm (d.9> 

tto mm, (d.9). mr*, *t=Htnj^t, wd>T 

W 




(2/!)<(2/!/y!)-5 7 ^, 


i!>T(2- m )'o Hilt, ^ (D.9) ft±lf 


2t\ 


( f |S|/2“) 2 ' 


ffe^l< 2 


2t\/t\ 


r 2t-2 m V 


M 


J 


(f 2 |5|/2 m )' 


V 


f 2 |S 


) 




■nl?-. Mffil 



D.3 * *¥ 

+ , C&m igEit»JB). ®BP*£ 

“M” ®tS(v:{o,i} n —»r , #s£^toa£*#+« > hj6A(iav wis«Tiai!5i« 


® -ft-ii; t. ffi»SD.1.2.4+Bfetlf!ia4‘H«. 
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:fW D tfg * ife j,t fit! Ai f 5 fi |)H 1 :'I'M iiu »* H itt 


_def ] 


v=-^ £ v(*)o V ffi 3 ? ±5 italic OJW# 

2 " Jre {O.I|" 


f£J 8 . 0 itb±MS£l^±-^ 8.5 

D.3.1 

v fKilall^ [0,1], »j£ff*n 

m s, #Rrnm #1 oj mx R® ft V: {o, l}" -> [o, l], l - 5 M4K$ft & -T'M, 

gJgv=-L £ v(x)*0M^g&/r, BP 

2 «{0,l)" 


Pr |sampler‘(«,£•,<?)-v >£• <8 


Li 

mv o sms, ia# 

s i> s 2 >‘">A, e {0,1}" o £p aS ffl £5 ffr v {i[ ( v(s,),v(s 2 ),•••,v(.s OT ) ) fs $mF tH v fPj it o 

s*n*fc#»wa»w 

(BP3£#g§MWM&£fc), 

K/f )> i+#fS3?S (HP^SSWisffWfil). 

(BP|fp^^#M£?M« togmiOo Fj^h, M 

D.3.2 efcfl*£i& 

a*(UTMWWlEffirfc*a5*^#^SS^#«, rfff*f7—J&3£#2§, T^tii^iLo 

£WWA^i 6 #J&#%;£i^ 90 ] 4 , fl < J 3 . 6.4 HfjHi^tolMbtjtt. 

IMJii (BPfStfMR##) W]), 




/ 


V 


log(l/<?) 




WTfaff.t f§J«# 


J 


(K^f-ttisf) mmrxzmvi 




f 


log(l/«J) 






v ° j 

^.%^mm'P%n + \og 2 {M8)-\og lS {n,e,8)-0{\). <3JMJ*$ 
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i I n U Aft: 


mWM£5fc#3£ 

##J&, «ffllffi&ft 2 PfcJ#*2#i, WWi i: 4o(i/& J )>H8iffi»4 
(D.4» a&#Wfti8«¥£fcidJ£#M*iSJ3U. Silt, 


/ 




log(l/J) 


\ 




'N j^b. *m&»<5>0, 


J 


&TO^Bt£#*M#lttg£?J$±i£$J?£$[0T& < J*tfc{fco $ffi, *iT-%i'\'&)S (ip 

-^®r«i*feiisfi«ffl——r3Kffl±ww#ia«p (ja 8 . 5.3 7>mm e. 2 >. 

ftftiai, (^8.29) 

t 2« tk#M{o,i}"±Mo(i/£ 2 )^# 

5v %£-mi&o ££3 8.28(^10.33*8.44), *^#1$ffli&0WTOM'M-exp(-r) = l-<? 

Silt, a TO$t4Mi 

f log(l/<Jp 




V 




j 


2n+ 0(log(l/<5>)) Jij^PJ n + 0(log(l/&)), |njH't 

f log(l/£)^ 




v 




J 


%imm, >^M#M^j5£.Mifenrjaitm d.4, 

SIZ-T. -1^gJiJ®3R#SS&-g—■ m-'t'MW&v , Hk&MteMttl 

v:{0,l}"->[0,l], W 
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Pr, 


C(^))[| K ( V ( 5 l)’ V ( 5 2)’"-’ V (^))- V | >f ] < ^ 


(D. 10) 


( J 1 ' s 2 

^ 41 . (Rfi^TL) to Hilt. 

— #SE^#W5C*. K fllffl-4aiv:{0,l}"^[0,l] 

lift ^ ±fe , ff* i£ m 7 # A i*J ±9 ^ ^ a£ ^ ^ fft » F X. -ft- g. $f (BP 

< <5 ), WJ£$ G (ftijS 


Pr 


F(v((/ n (1) ),v((/„ (2) ),-,v((/„ ( ' n) ))- 




))"V 

> £ 


c d.io))o &s#jswe^»m 

vf&m, ® 

D.3.3 


£. mX, 8} A %Mn (KjgX fit fnfgi* W <A «5.4i 


Xi-X'nvm^mm, tMf5c{o,if, n^\xm'>\-s 
5 t P^.'X>—X' 7 tMo tms&ti(£■,<?)8.5.3 ti^r tii t^1. 

m, (A7#f r», ems), ®®jt. 

o(i/^)^ cmra^) 


o rr, /jsc 

3 - , mxjj&mmeft ax-^m^mm^) 


H/2(i/* 2 )7#Ao £P*±, 
?k&5\l£f&]E\k (MX^l/f 2 ) 


D.4 



hkimmm oK#w«ftp mwp i®ii¥^wwiMf®nsa> mj¥Rmm 

«MMAKo It/RffrSfitXX, fi & X: ill R IX W ft - 7 XMt M ftfi t/L M . ffii$P*&ffl4nT 

rr-, ■& (.{\-wyw. in f i:fn tfspj t) e m fx-;t; --^mmkmMit'jpix-'XLXkipmkxm . m, 

|TL$ll5(^nIW±i?S^MMn n nMo Att, WTttteo 

Min-ft, ^f^ii/i m m n it- a r m o w #i s» &xjm, % £ # m % m - a ^ sa a its, 

(«ti«) “RWttm”* m^D. 4 . 1.1 

Milo ®3/7£JI&l+^RrtM4, tfflWTSftM: 


® *ffi**j» s *'i>«-#ta#i»5e'i-i»MM “#r ««* <«■«=-»») «*«.. ««*&. 

Mrfu. £-XB«Stti)tK/£ (TflfliB) &Xit. 

© A«;ift. M.#»* n . C #1 . 2 * fn ,y fiSjIHf* <ATI»#& v »ttW®«. Kia.S*« 

ig.e=i/2M&m&w-fut). m **&*«« (*®) £<i. sRsiitft^AW). *tfii-Bi^fiaoas:. 
W®*tXi8&tt*#»£ISp h&Jfcfc. ffifif'l. &fflMtS4>. J8*£tt,ll : Xte««tttlt#. BA “TUI (^5fe—JRttife) «S0i 

® «*I. -ftSfifiDUtsm-O-. K«3iD»nlt«f^. mft*H*Will««*#*>:'|- 2' ( *- , » (8Pft)9$*#T«3fMttM2<»>. 
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#i # ? in —^ * fr ;t m w M 5 ?ij, w n m t » jg it ns w m. s i^r &• w w # 

ra^« (sEfKMM) u mr\ 

(intern swum >. 

“ftM” ttdj (inSflij&gtf'K *rTi*l+l®#l«. 

fi#, extract isjr), */frl'Jffl&^i$ffl 

(ft “&M” iif±U *£±, iiWj63WF*lffi#Ufc (JB.8.3UT), 
li/IMjWi 1 ! 1 . 

<j*Ho a# 


D.4.1 

tTft*ftMiXt&^At&fcti&MsgjSC, ilp-Stfv£*£ 


I ^ ^,4 - 


tK 


MiMjM 


D.4.1.1 

Mffl X, WPr[^ = x]^ y 0o ithuM. iA^j Jf £flS'M&iS4>Jilog 2 (l//?)o ^A : ±. f£ClJt 

^JK. D.8 ((«,*)MJtM) 

(1) Ext, tetWSJr . Ext W d , X) ^U m ^£-m ifiM. jtyjft 

{0,l} rf x{0,l}"->{0,l}"*l*SC4«««$fTWlg®l#. $nmc£(/»,*)igW#§, m'A. Ext 

#*>(*,*) JgH5l». 

(2) tugitt C ^Wi\iMU x, W d , Ext W d , A)) &s&i& W d , U m ) (ft, ]H!|f$#& 

Ext c Wf£i£MAj £ (k, £ ) 

mm±.'&um'&{n,k)u “im” amis Ext 


® [Hi®—X, Pr[^r = x] l°g 2 (l/■ Pr[A" = jr]). 


X min, {log, (l/Pr[A" = *])} . R_t 
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i) m t it v, Ri! ftHttttWftftfflMss 


Wi^^mm\M{n,k)^-mmmio mta, s^^-p^=io g («/f 2 )+o(i). w-f'tMi® 
Ext: {0,1}^ x{0,l}" ^{0,1}* (\$MM)%TW?]^ffi^(n,k)^W\UMn±-$M'v 
IMR>. ® 

>w ¥■ n $ sfe m % m it w x- n t M m & r is « m $ 

f = 2“ < *"”) /2 TW (5S) (J*L5t@. D.5)o (BP 

d^lm, ^|^±^Eftia D.3 ^ d = n + 2m-l). |M D.4.2 (ftl 

d = o(log(n/s))) Ufe&titZm, 

mm&o 

(BPrf=o(io g («/*))) wit i+mi. 

ttteMMttss tut^sui 

Btfljr&KKfrft. »tt, »fD.4.1.2ifn»iD.4.1.3 4>M&fflR 

Pit?. i)5^Mf(il,s)«S§It, ^tftXfFR, *i &n>k + k° {l) 

( m ^ 1 fP e < 1 / 2 ) o 

D.4.1.2 *I®tS§*)¥£)3m§§ 

(4»tD.3 -gftgnm. 

BP#{0,l} m + Gi$ffl«ttMtalk, & 

M#^t\/-:{0,1} OT ^[0,1], ^1-^1$, /£i**/£MftflWSte£[7±s]W?E 

_def 

rt. iiM/ = £[/(G m )]. «Ext: [/]x {0,l}” —> {0,l} m » ft^Ext(/,r)^G(r)/ £c 40<]^/ 
N¥*. Ext S—^(*,25)1191#, g*/fc = «-lo g2 (£•/<?)„ 

ffl S ffi.Sc , tfi « # # - f- («,*) fill, m s c{o,i} m EH- W 

Pr[Ext(G rf ,A')e5]>Pr[G m eS] + 2f (</ = lo g2 /, [/] ^ {0,l} t/ ). feX 

B = {x<= {0,1}" : Pr[Ext(G rf ,x) e S'] > (|S|/2 m ) + e } 

JM \B\> e-2 k =S-2" o 5£ X S zeS H* , /(r) = l , ?f *lj , /(z) = 0 , ft fj W 

_def 

f = E[f(U m )] = \S\/2 m . iMff-frefi, #*G(r) ft/¥$£&/ + * ±%%, A 


a. 


© »h, -tx:aK*s(«,H T\sammw:.'j-) n“ 


{o.i}* ^FS«3iA £ MJMgfKltft* hffil>j ptV • exp(-/2(2‘'**,r 2 )) . [S^Si&ff 2 Jtl fffiJM 

rc{o,i}‘,a<»4i'l'^-^T((|r|/2*) + £)-2‘'*‘^ijr) iE <fei*tiri<j(«^. hffi;ijp.tt*:*fT</=Hog 3 (n/£ 2 ) + o(i) ,4i n p 

* 3 feh, tm CM#* tbit) Ifttsifc. 


( 2 "> 
V 2 J 


*mfrj£MBg$ll. i FaiS. - y Mffi#li£»Ext:{0,l} ,/ x{o,l}" 


-: A. 
P 


« 1 
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i\WM&n 


❖ Ext: {o,!}^ x{ 0 , 1 }" ->{ 0 , 1 } 

% - ft (k,e) n •* . # £i E±3 G(r) = (Ext^.r))^,^ jej8CW#*£l*lfftG : 

{ 0 , 1 }"->({ 0 , 1 }") 2 o TOM, G . tai 

S = 2 -1 " - *' 1 ) „ 




ff;2i&#£-^i£|f(/:{0,l} m ^[0,l] , S2"=2 k+] ft¥n& 


_def 


r e{ 0 , 1 }". ns 

+ £f£, *1 
-T-# B ±f W I . W 

£[/(Ext(G d ,Z))]>£[/(G m )] + f 

m (ftiiitfM 2 . *r|/(z)|^ii#&T> ^%LEx\(u ll ,x)mu m %e-&m.m^%\<, 

D. 4 . 1.3 

nf m #,41 t»iM mm Jt*#ftMsri<j —^#m (III). «M5UJft, 

ft«M3§SHS# /l. #J&@l!t/ x :{0,l} p(W) -> {0,1} ,£H^: /!(jt,r) = l , MUW/,(r) = 1 , WJM, 

f x (r)=o. fi a ^ * Eli m w m ft % 0 . 5 + e c e =1 / 6), mm m m& ^ ft% ^—ftttK. % e . 

s«e m m m $ / x . # m m , & m (.m ) 11 s Ext: 

{0,1} J X {0,1}" -4 {0,1} P(H) , k = n - Iog(l/«y) -1 . ffitS 2 J ^ TOM (& 2 J = poly(p{\x\)) , p() ft, 

mMmn& a mmtmnft&p nm^^p{\x\)msmm^. ax 

Ext: poly{p(|x|))x {0,1}" -» {0,l} /,(1 ^ %$'/$, 




BSflLftMt 

1/3 

^(W) 

£(wJ*f&E& W &;£) 

n (/ , (H)*i^i»a») 




wsiifijroff-vi 


mm, jfilfllJfcSD.ioMSMB 

ft< '/i M M X\f \i M a > 1 , S> 2 poly MM) pj LUf§JlJ « = o(p(|x|)) + alog 2 (l/^) » Eft, ft 

s <2- polyWW)) , = P (\x\)+ i og2 (i/<?) 

±WW1fr, ((lllpoly(p(|x|)/j), ffi^SO(log(l/*))>. 

fjC*rtfc» (Disperser)o 

ftr&m, ^(it.ffjrit*, Rg*jt# (^foM$) 

BPrT, 

g^D.9 (rffi[S) $nMfttlMI-f. Dsp (t/**) «MM£>(i-s)-2">b£, 
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mm Dsp: {o I ifx{o,i)%{o,i}i-t(M)r» t m,e2 m w 

Sc {0,1}", ^?r[Dsp{U d ,X)&S']>Q . 

mm, OTflrffiii 

e aE# /, (t/ f (| v |j) = 0 ), pTWfllfflte^W (*,«■) ^TiSCiS 
- -t* £ :«£/,(:)=! . £ p3< ± , t\\ V 


mmmm/ x <®&pr 

d 


'40- 


'(H) 

'(H) 


> 


Pr 


40= 


1 


> 


<2*, Sifcftffln'hBmttftft 


Dsp: {0,1} x{0,l}"->{0,l}'™ 3fc # 

e , Pj||z:(v s £{0,1}^ j/ x (D5/?(j,z)) = 0 

\-e m'>m 2- ( ”-* ) 

D.4.1.4 

t-5fc^rfSc2§?f&, TOftSM(*,e)r»» 

Dsp: {0,l} ,/ x{0,l}"^{0,l} m m^-^-^ISG-(({0,l}",{0,l}"),£),^>!££ = {(x.Dsp(s,x))}, 

jre{0,l}\ 5 e {o,i} rf o &m®±, ftm*T£M£i£ C {o,i}”) fKm^M 

'P l-£ — ^d fit'h (4l d = 0(\ogn/£) #1 n » k s> m , H^lw = Q(A:)) fltMft- 

(fail, (aim Dsp »m,MiPS¥, mm, 

*, & & - ^ £ ii m & , or w a % *& # m 0? w w $b ® u & . ft ® (m)« m $ 

Ext: {0,l} rf x{0,l}” —» {0,1}" 


M W $3 BS #1 M . Ext: {0,l} rf x {0,1}” —»{0,l}" , It 4 1 £<1/100, 

m-k- co(\ognl £) |P d - 0(\ognl £), #j|?.(aiT#t§^ WE (i-E'M i4), S a {0,1}" 

WTlfc. ft#-MSc{0,l}"ffl£@£W*li£. iflf4r 5 , ffi£Pr[r s (x) = l] = Pr[Ext(tf,,jr)eS], 
)OfT‘?05A.xe {0,1}", T s i$J 4jj&# S e {0,1} J , Ext(s,;c) e S B4$lliij 1» 

UT-mm, ftjft(/i,jfc)«^ : f “&MW’ w, u%#m “#(».*)«” && 

“Vimw’ Wo 

(1) 4fttl(«,K)ilXftl5c{0,l} m , Mm T s U n ig X (BP 

Pr[r s (^)] = Pr[r 5 (G n )]±2f ), 0* Ext((/ rf ,2f) H E\t(U d ,U n ) % 2 e -&i£ 

Ma.fi)). 

(2) M— tjffi, XifftjftM(ii,ifc-</-4) 1 | z ffiS(K, #ft—'Ml£-S, 

0.9 MI5fA^(/„ 4 , E^ y (4u4f5, Ext(G rf ,r) W£#T, W p r [r s (r)] = i in 

Pr[r s (U n )] ^ |S|• 2- m + e = 2~* + e < 0.1 ). £^, ftftflHK^(Ar/4)-^ W« Rf* 


- 
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iit iu;m 


m (£n«7 


mm (^ 2 / 3 ®i$)o ® 

liljik, “ttRSfll” w. 

(k/4)-d) MAMf/lltt,, 

D.4.2 

[Kl ffl- fe a if] ^ *2 i't & ft H Ifc S fPj m m $J i£ ; IIP nj 7. 7 A W I'u] rt il 
Ext: {0,l}^ x {0,1}" —> {0,l} m ° i*fiM(n|JS±®i£ft#»: HP4-(*,s) &%$tt m &RT8B 

*, W&4-rfJ£*>T&B'K l$7“«&*1#»:fc^.®w<*W-(21og 2 (l/s)-0(l)) 

W ; BP # £ ( # m m ) W (M) tl UK * , K m = k + d - 21og 2 (l/f)- 0(1) J. 

c/ = log,((« — k)/e 2 j — 0{ l) o ^til JfKl y t7?^iffift « 

D.4.2.l -MBmgit 

Sfo, 

£J1 D.iO(^MfKj($i$|£ji&) Min Ext:{o,i} J x{ 0 , 1 }” —>{o,i} m M(M)Jii&2§£lUT 

(1) )ft 7ft a > 0 fP e > exp(-A-‘“"), d = 0(log«/£-) #U m = (1 - «)•(# - 0(c/)) <> 

(2) ^ITtE-taTs'lSi: £,a > 0 , d = {\ +«)-log 2 n , m = &/poly(log«) o 

(SSiftWflffl). £*h. C^#lfc£KjTO?& 

fflWA )° 

c/ = 0(log«) fP m = n n '' y) fnM^p Hi 7—(»\poly(l/«)) tJlIXfl, K4 3 y > 0 ^—T“BE.® 
«±, It D.4.2.2 a^f7 


Z/U 


D.4.2.2 

ft^®^liTrevisan [222] £3ft, 4 


(#»j« 7 . 1.2 bp nj it m & w in m tt ft 




mz 


Silt, <ft#^*itt[ 222 ]KJltir«W»fnI). Wa, £ 


® *tfSS:i*2S*! Y. iH 6 Z-Ext(U 4 .Y) W*6-«£**/4=m/4. M-rft] H U m % 0.7-gffi (a 4 Ext(U d ,U„) % 2/3-&1S:). Z H U m 
WSEtHEWTRpTffl&fiE&iiHiH! ftt* Z t/„ » <?-«!£, 9!iJK#SSi!>^ (l-<5)-m-l (itt[63] 
2 . 11 . 1 ). 

© BP c<l/2 .it m>d WW®. 

® ttsta. -am*fjft».«Ta#«*. «^±t “h»” a-«. AU@«ti»»isittiffl«i»S4-as. 
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Hi d D HU-fii£V=fill! >i RSflLfl:AMiw iii H*S 


: it # Hft & ft It #Lft jfc AH, ##J * Nisan-Wigderson jfc A #( id 8.3.2.1 


If )o 


ftWiA (£nft7). MMWWA^A («tb#Kit]Mfnr/tt#AitJftA>o MM 

Nisan-Wigderson '±#$*. c/ tb# AMftAfP IfU' 

tb#AA'M “M” It (K^V d' = n(d) ). flit. —A $f it) A ii it 7J ffl w tb '-it A itJ M A 
A*t a> WAKfr n (lift A) ('A : P/jA.M^AA« = 2‘ y ' ). : AfiBA J • UP 


r mm wea tutt. mttm^ wnmT*& h^aa—a m = 


PI o 


[Hj©iltrffi^ltJ^, RM^MiswITT-#}, AftK#Uft&£». AAPff 

i£A. PUJ A gl fg A it RS f/l ft M tt f£ Ft f 1- ft EAH&. XR&mM 

\>xi aa>. skwa^^jcbp 

MfnftTWAttM) AtbMWtttftT^Sio Wit, t: & ft A*TF M A \>X % AU - - A U Itj 
HflfcSW. 

flAfti#M$f^Afl^:. itffifieilPJ] (WT#£tB)o Sif Nisan-Wigderson A)3c3§. A 

Ef'J. AilH % iAA A: AIS (A A AE AtW . Aft A T AJ f-t it E A ^ if J M = W fpj, ijIAJAiSttAit 
#AWiffllW«#fS/?o J&ffl 7.19 f*JJ&S 8.18 MiiEWA ®K 

-Affl#«/hWife»£aM. Sit, *il9l»aE^«/tfc1#-|fe»mW®fiai±. 
itAiifi^AfSAAlfJftm. 

def 

#sij±fe, &sAjifgAJ]u^wftm«Ajg3i5ij6 = p(i), &$* 

sit. b, KijAjfflz>tt#ftm£^ 

fittAfiliSllfJo tirffiflfijlfjfai&f£j]&7—A(6 + o(l),l/6)MH (SfrtfiA l = b m ttff), & 

ii»» i/6ixix^a8.i8MAttffl &mm, & 

fSlKilfUf] it)ft7 A/x A d = <9(c/') = 0(log«) o itft Atitf XiTM tiftlia (/r,/?o/y(l//:)) $|I{X 
$. Kiiti]^ (1) tb#ilfflWf'f7AJ5c/ = o(iogrt). ftiJJU = «"<'>. 

tLsAJ, W_hHf8i£7 Nisan-Wigderson A]l7Slfl WAlFll^Stt: AltA, itAA/.Sci$ 

AM, jiliJtefflffiftEASfEASR&T. m 

R 


M, ft il' J ft A W Hr U It] M if ft U If J ffl m FI ^ ft: A ft Bfi ft A A $ fJ -- tf A. AM/j/iM 


SttiAfJ, ^r^ii7.l9 ft. 8.17 AS^SA^fiJ 

WilisJo it ft ® It J f7 A it ft ffl 7 - A A ftj A W Ft A (S A tE ft ,t it A ft- A Ft] t& A Lb A A ^ & 
ft- Ffti^-). AS.^ffiSH^Wf^iafDltf7 Ot&J^J®7ff)ia 8.17 fn^Jl 8.18). 

±^5tf7^-AilM3EI>^^^A-Afil7. mmmitWn A^AMAftflSrA. itifiTt 

Acf§)t7®®Tg. Bib, “Aif M M. m&&ffi¥nR>Xtk 

wl wftj&*±if nimm fKj niHtsirm mm.tR . &e - ft a . jcaffl w e#ak 


® wc h. *T®]jfiSisirrt». MW%&w*}M7®ac. #.$i£8.i7t. ft r-K«ia^rf. wwwttAK*idft m. 

I'M. n = 2 d ‘. t = 2 n{d ' ) WISffllg^T/ = n" <l) . 
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wriMim 


rnim^mirnmmm-, mm, m snjgpxMWiBiH] 

ms&^w, wwmmmMft-^ (M&T&mnmM “T'ttf” mtfmftmm)* ha, ± 

n = P o\y(n), ffi^Mwo.s-o/") 2 ^®^, mmn 

8.17 *iiisiMM3c. ®a#-^ 

aum^E. 1 . 2 . 5 ), 

»Jtt5m%o( n 2 )^®^® (Xi&r W^WM) W0.5-(l/«)^i£Wo Bitfc, 45^MW 

m^mmm^o(n 2 )^nmmm (sp^w^m t#gijw«M«tfc#?it 

Ax%;%:MB,^x'<E{o,\} n ’, ^w-^oa^www (^^^'=io g2 «'>, sutcnm^nj- 
w^MTit#i^ws, aittijiiffigKiMiiis. a^tfT^h7M8.i8 w 
vEW. MfiJ “W” g+o(^ 2 )MW$tft4 5 , M 

o.s-{M 

D. 4 . 2.3 

W^®Wit#nTW#% Shaltiel [200] Wfijf9 l„ W£ffiA*S, M®# 

<1vjiW^IS[^(ja®S D.10 Wfg-^A)°&#§M^MA#W»[159], ##£f^[113] 

^nMi£#M##»[ii3], A+*m£nWJfti?«$f (W/l^W 
#$ti£BT) W— y hS'&'^’ 


® Vii : k. 

© ALPftS E.1.4. 
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IMS e 


2t&$>f, 19; 24 


a£*T#M. 

ft**W 0Jflltt*#J® $Z £ $Jifi Wfi iSf s (£nfr ®W PS®% W M iM. &ffi ft &Wfftfa ). jlfc 

®f£jjgo 

ft### 

^#oTWjaa#Reed-SoIomon^-^-^ “i§Mi$” fa “&£P” ~7c5i ({t£M'>) iS^T 

#ntH—fl-wfflfa “Mm 

imn” ami&HMJ¥nm^mm±n)o 

rtmr&m, URr^m^n 

±fa <j£2Mp£^> Ml&limTfflWWattMfa#* 3 ?. MM 


e.i m n 59 


^Mi£#TOJE##5Ci$[2l7]lU 
$MtfraMifcM^Afa3iJi?= **mtt*4^*n#%:fctt[i63], te»M7««iai&g§te3fffifa 
rt$, 


E.I .1 




fci&ifeift. 
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HKM i) T/ UAfl' 


PJftj&W-ftSE^m&W (ftiXM^JW) o ftftfti#. $nftft#ft**ye{0,l}*$ 
n C(x)ft C(y)Mftft d W|W]- KlJC:{0,l}*^{0,I}"MM</ftj (-itf'JTOo «f£±, k, 

n H d IS^WASH^Sit^raigHStSt^: (BP 

|s|ft^3IAft£%5&® (BP4- n ^fti£ft)o 

&J:j£5£j£r®iytt*^#*z*W(MIW. ftW&. ftftxeS"'. 

; fttft/(BP x=x\X2"'x m ), jPAftlSZ KWfi'i ( BPZA-J-tJZPf-Ell )<> #n ft ft J* ft ft x^ye Z* 
#ffi|{j:C(x)^C(y),} | =?</, JfliJM (Si) C:Z*->Z” {ft & ft 3? do {C(x):}xeZ*}WfiEWTO^ (#. 

Z±«*^Jft£M-^S*#fc«WEft. %y,zel. n tt> y 5 z 

(BP|{/yv*z,}|). 

R&mmr y m z zmmm^T-w= y -z 

WMM. ft ft Wi=v r z f (ft/ftft/ft 

»riatt 

ftff]&IS±%£M&«^W3ERiJi. BP {C*: 4 -> 2^*> }* sS , ftft 5 c N (ii',f S = N )(& 
M: fttFZ^&ft AA laS&Xt&mkeS, C k mm% d(k), &i£— > MJeWJEft3; X:N-»N . 
M, «=«(*) (^^ift-feS) ft d(k)i$]5 k ft A, (BP n(k))=0(k)i i 

d(k)=0.n(k)) o (BPS* (*/n(*)) ftftftggft (BPS* 

d(k)/n(k))o ifl^#l§/S.)ft?yfBJftlftftKEL^o ftJ&O, ft ft _y,zeZ'\ (ill ft: ft | {i :_y,*z,} [ ft £•« ( "Eft 

| {i:y,*z,} I ft £••«), RiJ#R ^ ft z Jef-tgiSW ((ft ). 


ftW^/^-ftltSWfi^ (BP^^xftfiEc(x)), &i5T®WTOft-&-a. 

w?matt«^aw^«^wftffliinrNH(j*L^ffirt#). 

it# ran 


-ftftTOftAW 

k 
k 


( SPM x e £* $IJ c *(x) W Bft^ft), #&£ ploy(*, log|X*|)ft|’S] ftftt: C*(x) 


n(*) 


. ifef!H£C*(x) 


ft^ft^o ft£X.TOtt&ft, &jftS| “ft/hffiftTO” (BP^we^ 

*&i£ (ft^0i3Si^s;JE.±) wMx) -fxix^-ftnjl&'lfto X WPJ, ftWftftA 

w it % i«j is o 

fli-TO: ^w&YjT ’ C*(x)W*XBJEMftftft d(k)/2, ft Cftc)ftft 

WTO (BP^fiJx). 

d(k)/2 o 

n(k) 
ik 


nmm-. ftf^smu'e^'*’ ft#$</' ^4^/2. w w«wjE*^ea:</ 


® it®! ^TitsE^^rf. ^*s 4 #:. lift (“®a") «£»=</■». ifiamafcM*»«</•*. 

■rftt, airms-fj. »mmmn& n =o(k)iud=n(k). 
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lyififtftWiii 


cr<d(k)Mmi. e.i .3 

Rmm° 

Pf^E.1.2 4 3 £Ei'J'vfe7= 

fea^/tp^, in%-nmmmc k :'L k k ^z”“'i^c^K*w+QW. 

(^c C*(A:)|q CiO)) ^L*±WH£ (l£ n(k)i $.) [r]1;, :!: 

sfa]±ia ; ?fo m 

jliiji, min^d {/: C*(*),^CV(y)<}|}^F^ rniiw/d { /: C*(jc),^0}|} » pj 7 Y J)11 fPj'-Hf ft.>7Pvc7: wj 

El.2 


*mt^5M4M59. wtf-&mmmmmmmmmtn{c k :i* 


(5^)0 mtttiiJi'i'&mzm, 

#®E.l ^n,d,t: N->N, A:, W 

' A + /(A) N 


"(*) 


max 


2d(k), 


\-H 2 (d(k)/n(k)) 


(E. 1) 


def 


y - -"z V” V r \JJJ 

H 2 (a) = a log 2 (l/a)+(l-a)log 2 (l/(l-a)), W/:. AMO, 1}*SJ{0, 

fl, 0.5), l}*->{0. 


ffiW: #^- y M^t/lMWGF(2)±^ytx«(A)^ / j£^EP$, 'HE** 

2*-i *t r m# 

£fii=r, vl^/^MMd'T-A!)il^5iJ^^^tt^a-^?t{0,i}" <i) ±^J / >J^ ; i7. 
[*JMMSi7Flg& d(k)(fi 

P = ^TC k) )-2- n(k) 

m, MTd(k)^n(k)/ 2, tp<rf(A)-2‘ (, -" !M ‘ ), " W)H * 1 , <1 £P*± P ^ 2 - (, ' /,2( ‘ /( * )/ ' ,( * ))) -" (t) iia 
1&a£ ($nf!jffl##5;i^[ll]4 J W i 7lS 14.6.3)o ^Jffl(l-// 2 (^(A)/«(A:)))-«(A:)^A+/(yt) , ^ 
fvfiEo I 

e 1 .2.1 qpm e.i ffiummmmz 

t£M: ifrm e.i dttsmvtmi 

n^^m%k+n(.k)w^nM, "iwasi-ams wmi, 

d(k)o i±.t: E.I WijE0j)nmTO#lWrrg: Ps^'Plrk'if, &E# 

^ «(*)=o(A:)Bt, vium y-#jr&, istTWfHi^pwMiKBP 

m^s) u 

&& E.I. 1.5 
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itttU&tt 


E.l.2.2 Hadamard 55 

Hadamard {0,1 }=GF(2)±flx (#SS) ^5 ft 53° xs {0,1}* 

ft MW »(*)=2* #^ft. m ft ffl ft35 If n (HPlP3^+W&E-*§ k ftftftjHftIJftifft X 
Wft£ae{0,l}*M 2 f=i«,*,). TOM, Jj&M53&<ft0^SM 

M% d(k)/n(k)=\/2 (ftftTOfift® n(k)& k fKtf&SMR). 

w^ffl 7.8 7—ft^TOMii. 

Hadamard W& PCP 

Mfc amu) ~mm(m%XM[29]^&fcM^m)m^imT“mm.r pcp m 

##^c^[ii6, ii7]) wtsito ktm&^ff%xW.tytmmn(k)=2 2k mm 

3PJ , ft S*JXt /ft ftft R fl-Jft ft ill ft ®5 A ft x lltlftlft; B|J53 ' f- ftl {i K ftftft ift /SftH ft, 5£f# x 

/:{0,1}* ->{0,i}*B*MftSABfc9l/(x)6<j{to 

E.l.2.3 Reed-Solomon 55 

Reed-Solomon 53IS/S.X.ft W 1 55?<> '£% n GF(«)ffl^, Xt 

#fg GF(n)_tM«l: k-\ MM. 

peGF(«)‘ ( nT#J$;i£JiiiiO $£ Eft Itt ft/fftlj (p(a,),/?(a 2 ),■■■,p{a n )) , a t , a 2 ,•••,£*„ Js§GF(/?) 

0 i^ftBft§t?ftft#ifcft A #1 n fltl Reed-Solomon 53. H^FRflift w-A+1 ([*|ft 

-#*g&53, IS ft/>(«)£ 

Po>P\>—>Pk-\ K-ft p(4') = Xt"o^' ° 

Reed-Solomon (M «(A)=3A |n 

d(k)=2k), k M (aE# «(*)>*). 

#'/£ (E##3t^[216])o 

E.1.2.4 Reed-Muller 55 

Reed-Muller 53^-^ £ TO itt Reed-Solomon 63*trilJ£^*£Jl5£° 53^RT 

tU&ftfaWR#, #S'J;§:TOftAft;M GF(2)° Reed-Muller 
iiv&o », 7.11 *n 9.3.2.2 UrgMap^WiSW pcp M5fti° 

ft ft. ^-^SW#»^^T«SJe: /?(A)=ploy(A), “53^«<M” #1 “ H*W’ 

(W3: E.1.2JKfttfife). 

q &0%k m -5 r, J&lMiZffi—l'Mci P mr > GF(q)Alfc%k'fi£Bxt r fFj 

w ^S:£TO° P mr +^ft^S:M^ftft#TWffi^MTOMIfcA = logJ/ > mr |, 
BtWA=C r ) o Xtft53C:GF(<7)* ->GF(?)" , 3C-«f «=<T, *£&&»*«& r M m £»TO 

d *&m ?* bp&& &T'm & r m m ^ ^ to mm%j¥ n ft 

(p{d,),p{a 2 ),---p(d„)), g+flj.aj.-a,,* GF {q)±.mmm m MM'iW3\Wo &ft53?Kj*0 
Xf SR M Jk T f?-( q-r)!q „ 


flE A-l A 0). »±, i£53£ 


® ftXj^.j£om(v l> v 2> -..v < ) e GF(«‘)l(!fcWilJ(p(a l ),p(a 2 ),...,,,(<*„)). Jtt P XM«-W *-1 p(a,) = 

V,. 1 = 1,2,-,*. jt*: a W gc ur fi S Xj +. fiK ft W - tt: $ ft;. 
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PfUE HUffitflftit 


4 1 - * r=0{m 2 \o%m) , q = ploy(r), fSHli k > m m |P n = ploy(r) m = poly(/w m ) f$ 
aLo # «W=ploy(A), U «(/t)=0(/t)^fiScALo IM E. 1.3 

Reed-Solomon It)**-, q = ploy(logw) ^P^±. 

^ists^wi'y mn.i¥^, 

^ H czGF(q)(fy 

MWLft r' + 1 , Mii*ir f £Kj r & m 5fi:£ Jjliit* GF (q) m ±0T# ( M 

it 7.1)o 

E 1.2.5 

is.^m ^^<-Hadamard m&wmm, ffi-Mtu £ "i 

i^(S^J n(k)= 2*))o ®Reed-Solomon fi^lUlffltffiffi M tlitS3^, flffiffi T #—it'-fr]# 
#* 93.2.2 1?fettlWiiE0Jta-^)/jv4Wi^^)TS^)o 

iiiiK, %&immwm, t$tnr*MtrmiTO, 

«5£TO#. esm, 


<1 — '-‘2 '■ M F'J I f—J v^j . r — -J \^2 • k r *^\ 0 v -'l 'I M ^ l w J 5sC*.*t/\. » &(x„* 2 ,-,* 2 eEf' = Ef 2 ) 


I, = I* 2 #WTO C, :E* -> E? H C 2 : E* 2 -» E^ 2 « C, #1 C 2 

(C 2 (>>,), C 2 0> 2 ),"-, C 2 (^ )) , %^(y\y 2 ....y ni ) = C x ^,x 1 ,---,x k[ ) o 

MflJ, M C.fll C 2 #f]#tH;tlTO$M*iS§^, PJiJ*j£TOC:E*'* 2 -*E'' 1 " 2 &WS* 

Mo n 2 mmn, 

&*mkjkz 2 ±&% n 2 ijo ^ c 2 s<jTO2§&fflT^J&. tome, ±w », -t^j cn 
ih£*/ k 2 ), mis, ^ c, rmTOW-gw/rMitt^ 

%«, imm (e, ±), it*# *, mm ij^e 2 ±m^*> 


ws'E^^e,e 2 -m^c(x } ,x 2 ,-‘;x ki ) = {c 2 (y l ),C 2 (y 2 ),-,C 2 (y„ i ))m, W'z, 


£P5> W Reed-Solomon 59 C,: CF(/i,) • -► CF^yMI^TO. IR A: 2 =log 2 «, LU 
E.l -►CF^y’MI^TOo 4“ «i=3*,, n 2 =0(k), J-^, *g 

1ft *9 A C: {0,1}* ->{0,1}", ft* k=k\k 2 , n=n,n 2 =0(k) . II, C 2 W g£ 59 fU i$ SU fig* 

exp(A 2 )=poly(/:)IFtl'H]f*l^IIo T'/fk, Fff#$n F'itffl: 

^jie.2 (— 'twmtfmm) *i-Tft'ms,p>o, 

rffj-ffltijTOo bp#* mm) c \m\cmx\ip am^x) 

^iftiKiw (To) mi .d wmm^si2 ^ia# cmm y *zx»=xo mb., c 

C W^ttJgnTMiirte|F = CF(2* 2 )± Reed-Solomon #i£jgf!j, 

GF(2)±6<]^M^o #»J±tfe, GF(2)±6fU 2 i$RI[»lilt. F ±.m&aeF&i%m& 

e<j{tp P ^m^mno 

hK Reed-Solomon 5\ ^P—C 2 S 2 , nXWf#5lJ— 


© :m Reed-Muller A-ff^KWWI^lESSfBS'aim^. 

© a—»'i'f»«jii5iw y NRj&nifi^(iii («i*) x^tummam -wfats 
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awts (bp \-so 

W Reed-Solomon C,:CF(«,)*' ->CF («,)"' * ftl^^^JES'lH^fl^. nTWM#£H£J!£:5*J 
«, (k { ) = ploy*, ^ SB^(«,(A:) — A:)-/7,(A:)/2 StJ Reed-Solomon 5^JF^q, SW — 1~ Fladamard P5 ( ffl 

{0,l} [ ' ,|< *' ,1 ^lifi^[w l (/t l )] ) f£>M'59 C 2 o »(*) = «,(*) 2 - SP-i^^ 

(«,(*)-A) •«,(*)/2 M (iKW) — j® $ij 5^ o II, 

m 




-( k/Jn(k )) 


E.1.3 

»3£W0W*ttWiSJSCWje«ii ( 
t/L) Jffej**RTfiB. H#±tli^, (£n£ifriUtt$D, Hilt^nT 

(B6#l) MKl/l/NfcS. 


^SPTO5itt: (B6#IW> t&S&Sfclfc 

ffijft: Hadamard^^gpoTilJ^W, (ififct&^+atfTilJfc 

SScSMittfil). #£9.3.2 .ltrgfffl. $W, Hadamani W^WJNfe 

iSM^SHxjS (IP n(k)=2 k ), ojy.^JJS.FS^l'FF'UM&tl (&P rt(A)=poly(£)) . 

Pftm E. 1.1.4 ( ^§£ it 

£J1 E.3 *tm?fS:<5i>0 «,^:N->N , #£ 

[?W]*^[9(A)]' ,w }* £ n. ts^£ poiy(iog*)itfrart*^®Rra«fli^ai5nrw. wmmutm k 

3 

(1) #£^JjJl5£0tl'B]$|}'£ w, ^tliuA jre[^(A:)]*i^|l] C*(x)o 

(2) MMJiat gifek (-i4$ij^m) ®, 

ir] ^v6[(7(^)]'' < * , , w w SMi#<5to 

® xe[< 7 (*)]* W Pr|T c * (jr) (*) = 1] = 1. 

© C k 5/2 iffilfttt® we[^(A:)]" (i) , W Pr[r“'(A:) = 1] *S 1/2 . 

(3) D, %)Mn'7ll k fn /e[A] (“ia^lJSit), 
C k (x) S/2 ififlMWFASN we[ 9 0t)]" < * ) &|§| Xi, sp Pr[D*(Jt,0 = x,]^ 2/3 . 

mtZft, IP#£—^K$£J3iiWfa0ier#l m, *ni e[«(*)] 

UU—atf&JJ&iS), J/2iaWMgi^|pJ we[ ? 0t)r ,l) , M jg|UC A (x). tilfc 

M, Pr[D M ’(*,i) = C*(jt) 1 ]^2/3» 

0rWS^I9iW#lI'f£ ; f A: #J“fijftiJMsf, *&in 


® M.rfn rWi^lj'IdW* poly(|*r|) = poly(iogAr) 
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E IMfl&fKjftiu 


Xfh'T k )£ii E.3 £Pjfi3nTiA;£*§ (f^'ffel^^W) Reed-Muller Ci, JtX 

r = m 2 log m < q(k) = ploy(r)» £«(£)] s GF(^(/:)) ( IALP0.S: E. 1.2.4)» 1 -hifiM § IjL^t-jPISl AtfSSf 

*M{iaa : ?fB5a'i^l'n] vv:[«(*)]->GF(^(A)) . X^S/eGFC^*))" W i&lf&M 

ai«#-fisa i mi, w siMW£&xa± qw&m^fcmk, #. 

9£M$i%£ter (£M^T)„ #a (f!lg±j$ltt^#'J) 

^gP dlTOM g . 

xxsp. e. 3 jitt*. 

T. Hadamard && 

n£? RTWIiiiJSgittatt-KJSWMap^aiWW (BPJMftft 

M#%£ltK[36, 67]). 

(a##ii^[242])o as x&*+#&, ±3K&«WRn?sittfcfifc® 

W«Wii#nTWJ)iL##ii^[93], 

M’ W&5fcX##£l$[67]#I[242], 'Sft?^T##3tf®c[93]4 3 i^itWM y h±^M^fffo]M). 

e.i.4 

W»^o ffitfctT. (BP*, «fnx> |B] 

w*m), 

ittl^h SSC^ (Agreement Rate) 

i /q±m&mm, &&nm.m “as-w (weai/*) wjut®*. ® 

3U1E.4 (#%:$t&K[105]4 , P^3 15 WH 2 gP#) 4C:[<?]* -»fo]"IEUSSi d^n-(n/q) 
fl<J aM, /7 C d f(1 - (c//«)) - (1 /<?) ^ 0 fo]^ *—fpj4-0J^±Ifo fx^ /?€ {0,1}y&& 


.. 1 

7>,| 1—7c 
7 


(E.2) 


X:H> XtX'fi® H’ef^]”, 4 t((l/#7>»iiEl“|S[ (BPX; >v |^ft^i!E?i^I&5£;(J(l-((l/9)+ 

77))•H) W5i^«[*±|f^ 

(1 “ (l/?)) 2 (1 1 / 7)) ‘ 7c 


Tj 2 -(]-(\/q)).n 


(E.3) 


( BP 9 =2), a(E.l)g#7>^72.1.5S(E.2) <*£±#( 1 - 217 ,)/ (4rj 2 - 

29)0 


® JWlt: 4 4*7^ a|,a 2 >”‘>aj sGF( 9 (t))” . $ (v,. v 2 , - - -, v t ) HfeS'fjslJ (p(ai),p(a 2 ),-..,p(a,,)) . K- 

4>p rW* SSt Mi*£p(a,) = v ( . < = 1 , 2 ,-,*. 

**J:. 4<(l-l/ 9 )-n MW <W St^Sd>» I/?) *ti%W'?l®®4' ; @isUW^. ft.fe: «5 

(titia&ff1/? wttite -aw. 
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mwm 

(dspd.4.4.4@m, w. 7c=(i/*) 2 fi?7=i/*° 

3fe|»±, £jfcttf«T. (1 -2/7 c)/(47 2 -2 t] c )=0(I ?)o 

(2) £ Hadamard 53f c . =0„ ^Jfff W£{0, 1}"|OM'/>0, (O.S-^iErf 1 

wmmttM&to i/(4/7 2 ) o 

tE— ®1W<51T (4#&J;I!<7 2> 2 ), iSii/7 > mm{Jr^, 


'l' 


+ 




yjrj e -(!/<?)} 5fcfSHfc5S (E.2), 5 


i± 


n -He 


(E.3) JtIRWfflW 


E.2 r 9 fc 


mm* 

*n£-*Sm+, m&K 

dEKWfifi^) wawsR*. mm, £ 

rf-JEJWJrS (ffl) Ht. £l^±£i***iEJil!lfflM3EISite-. —«1*«T, 




WeS 




E.2.1 

E.2.1.1 

m5te*ar&fflMWtt*a£j5c. 

'khk-wmfcxmb, 


ri 


itt w o “r&” w«) 


i^®)o and-jEmm g=we), mm 

I'-MH, i£%MG)<d, R 


Mr : W &*MI W 3gSc±^ o ffi ffl H £ M £ JSC, 
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PHi E H)H<(rnYj&& 


'- 44 - 

M 


w<</-/?(i/rf| k| 2 ) /&£(*)• d-mm g)o d- 

IE Pl'J m (ft 5C PS B , ir 51 ® % 1 1 3 lEl 0r W IS U ft tl £ (f'i ft % n . 

%£ E.5 fW MeS W A(G„ ) sS p J&fc, »J#—^ d-lEiffilffl A^R& {G/v}^ s 

J5L#fiE4iJM • K'HcN. y E(^,/?)-iE^S)i^, </-,0;ft3£ftfiE{IiiP£ 

<r») 


—'MU G=(V,E), Xf^M^SW 't'TU^ffififiH'n 5cF, 

def . 4 . 

r c (S) = {v: 3m e 5 s.t.fw, v} e E) (E.4) 

M4>W(l+c)-|5|1ftult, jVJift Gj^— 1" 5W±3®5^^^ : F/' c (S)\ 

S^c-|5|o M$, t3$ffiS G=(EE)^(1/|E|)-^^S« d-~sEWM$i 

^mm, j.ui+ffWffl»#^flrss[wr3Kif. 

££ E.6 MXtJ^WWeS ,■ G w Ji C-J-3KW, WJ—1" rf-JERiJ^WSPSSl{G„} VeS c- 

rirfeW. 

rSfefflWM^JSJSLSffi^W (J&##:fcitK[ii] , t , M 9.2 TO##£SK[i24]^&fJ 4.5 TO 

“r^^pg” ft “wmm®.” faiw^^To 

£IIE.7 ®R'J 

(1) ^ c^(d-A 2 (G))/2d, G M. c-}f3feM. 

(2) MG^c-ft^M, ®|J d-A 2 (G) 2=c 2 /(4+2c 2 )„ 

silk, 

'Mo Mill)t. (J*L 8.5.3 TO 9.3.2.3 17) 

£3.E.7 

M± 

ffiwstfM t mm&m-m* *m(g')=a(g)', fa 

£«±tilM^fiJ/»o WA(G')/d'mt Mif^MP^fft. 

$|In, $ll!fi G=(KE)^ c-r^W. 3P4, Jtt'HH" 5c V, W 
r c (5)|^min((l + c)-|5|,|E|/2)o 

ifttfcftM# 

*Tlft5TO-jEM CHW’ ^ A(G)^2y G -4d^\ , y c = 1 -G(l/lo g</ |F|) o 


® a hi in mss znm$Lfk®m. hk g 2 . ja^r 1 r&M. a(g) 2 = a{g? < d 2 - a(\v\~ 2 ). 

© tts. -tr»Ic=((',£)^ir*fi ( J. B>jJt'l'fitiS-M^$^A|K |/2 ffjifc-s-s. r«Aii|r c (s)|^|s| (fi*Snmw 

r c (5)\5|^|s|). 

® @@4:a#-'Ms g=(v,e) 'i'. wtscK . #f t (s|DS, M.M|r c (s)|=|/' c (5)\s|+|s|. ?e®is i i j . ma 

)AffiJ!in3i rf-A(G)<i. MSjl&T G ttlWMWMffiSl* E.7 ijM&JflRA 

£(a]fl<jitRt ( JiLIP-%Xittiiii4'W 9.2-tf). *#ife. #4X«t[ii]4 , W 9.2 Hrfl-xi* r£(s)=r a (s)\s R^G ). JW/iafG) 
ft G TOt-fl *) r 0 (s) *n a(g) . ft-&t»<5lF. r c (s)Bl«g®^ g wa'J'«r{iEfi^-</5.fq. 
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iH 7 U 4 H 1 : 


E.2.1.2 BJ5$t$£)MTJl3K 

»J®M(MStmeN, T$£M%[m]x[mp, Sift*. i*i#l£-W«S£ 

(BP^EG,, J.rTj®W 

(BPS) Wfisfett. Hilt. 


J^Wfe]#i£> XdHA l*. 4fttil ivtMKffli 

ftiftW. 

a/i^istfWI'B]^SWM^T^W. ±&mm&mi%. 
SilttS^T, *ginTM5SM&Bl«!l3fllitt. 

(rf-JEJM) H{G A ,} JVeS W5ERmH®W«flH*l3ftJi-' > h^^i^Wfflirffi. ^flAW^(r 

ia^sU >- AHI^.S <7vM.6 vM-jI i (/e {1,2, —,</}), jglU v &)% i'MWS. HP£fflMSB$fKj 
M'fro 

iS]2&l¥v£;. ^^oaEi «eN Silc seS i$L&n ^s <2« „ >ajS7-l:j£ ae7$C. 

poly (w^isflfiEJlLSlftfsl poly(log «)±3S^fo n ^ 5 < 2n ffi 

£W * 1# ^T # m W S <1 ■' W (SI H (ft n *S 5 < « + ), (fn & 3t fti If 51 ■T ® ffl $5 A M I'sj H (iu 

n ^ j < poly(«))|lc^.^T o 

mm-m, mta, wt- rf-M, c-r& 

WSG, = {V ] ,E t )mG 2 ={V 2 ,E 2 ) (|K,|^|F 2 |,c^ 1 ), TTMl^-^Crf+O-IEHlJ, c/2-r^cW 

k 2 Miiife. # rf-iEJifiK c-r^WSG, =(v { ,e,)^g, ={y n E,) 

def 

&4 1 A(' = z;;J|K / |<|K / | , oj^fjij—^ (oN-l)-IEPJ> c/2-t 

(fjffl u':i v i ^ v, * n’ & ih] w eic > . 

E.2.1.3 M'T'Mtt 

WTM^MM^7^*^m?#^iABjr^siafw^^So $nm^(rf,A)-r^s, wj 
WT 3is®T§£r&s (^+ /l<< ^) *. ^siw^aAijij^^wjawtk 




?llE.8(«fl^li) tt7-ftrtld-}EmmG=(Y,E)MRWi7' : ?MA,Bc:V , W$0T 
&%$LiL, BP 
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i4E 


|(4x 

B)f|£ 

Ml Ml 

^MG)fT 

B 



M N 

r •'■m 


A(G) 


(E.5) 


G ( BPHJi,£.X\f) fttWMi&ffr 'fft cKBP E = {(u,v):{u,v} e E} _§. 

\E\ = d\V\). 

def def def 

M: ^7V = |K|, A. = A(G ). iScF , p(S) = |S|/W V ^ 


WMJlJjt(E.5)nT 


7F%) 

|(^xs)ri£| 


d ■ N 


-p(A)-p(B) 


<C 


Aylp(A)-p(B) 


^^^tB(/rxS)n£ - IR{tW±#o Q-a&TFN&lB&fa*, %Ri5L^ieAH%% 

1 . IrJ® b WJgjSJ&feU P!iJ(^xfi)n£'^Ta 1 M 6 (SJi 

{XS/€^, 7 e SI = I St , (i.;) e (^ x B) f) £ ). :%JE§IE5<! MM it IS e x ,e 2 ,---, e N , K4 1 

?, =(u,-,d t , = n , jwm 

a" . a, ^tjn a & g, BP a ( = |a g, j/ A' il a = ^ ,a f g,. <. '/JEm: a, = |g T g| j/ jV = |/f|/ 

7V = p(/J)J.^ | a, 2 =(fl T a)/A/ = |/j|/^ = p(/J)o W£nT;&M3:, 

BP 

\(A X 5)fl E\ = = X b,X, • a T ^ 

1=1 f=l 

5t4G WH /'MfM. ftE: A, = */BJttffifc * ^ 2, Wj/lJ^A, AM 


|(^xz?)n£| 


c//V 


=i^=/^m*)+z^ 


1= 


/=2 


p{A)-p{B)±~j\ ai b, 


d 1 


f=2 


ttl EF E^a? = p{A),'L^b'~ = p(B) , Cauchy-Schwartz nj Si /p(B)p(A ) 

S£ 2 a,A . ■ 

Rtm&^is 

Mi&i#, Tffi^iawm-gp^, “|A” Iflijr^ 

si i® %± @ ± w isg t/i» „ 

&?fVhG±mm, #&Mi-\&, &.%—&, d 

def* * 

fem 8.28 (Si£) 4- w %[N]tf)=f-%k, Kp = \W\lN, W 4> 

W$i^ 






/> + (!-/>) 


A(G) 


x/-l 


(E.6) 


V “ 7 

ZM 8.43 (M) XtTft ft w 0 ,w„-,w r _ x S [AT] , MM / 0<j Bi #1 ?i i$ ^ ^ 
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(E.7) 


ii xmm. 


+{^i d) 


/=] 




p,=M/n 


•AM E.9 Ajtai, Komlos #1 Szemeredi 141 ^;!!?,^. "ftiifl'lill:'9J j'i£(E.7) 

Fb Kahale (##£iK[l35]4 3 lfttfHi'k 6.1) i&lh MSP ^31 8.28= #% 


( E.6 ) -BEIB: £*&%£, + 

FM. G 4>MIM#l2NMfl)iti&. tfilfct-^ “ffi?”, 

Zk&W, 4’^ljSo 

^ ft ft |fj| W^*4fc«B . #ftlsl«$n T: 

iftfcPM * G±MB6#Lift# (WA&Gm^&'fcnm^cO, #ftl*X{G)ld (BPA^j 

,4 (SB-^Bf^h)). ffiUftift, *I^*«=(3V , ,-,3V- , ) T *^W^4)‘ 

7^-^/< Mft*#fEitW*W«rfiEl«lft. 1 W 0-1 £gp$, 

^yefE, fr>tinjM(/V)^®^ 1. I'Ft;, 

fa 


def 

V = P r _ x A — PzAP x AP 0 u 


(E.8) 


lit At. ®m±# 


#f'Jffl||v| ^>/iv-||v|^+|z| iff|z|^B!l*^z Mz.,-f£ 


mz. 2 -mif c^y«| = i m |4 = n - ui )o *«&&&$&pa 


jltfffif z. W P<Az ^(/7, +A : ) 


2 \l/2 II—I 


F&al 


iiajl: fiHitfeih /I Ft! z 1 1 1 l j m IE & P\l ft ft[, ifo P Ft! z ft ft m ft fa FH 1ft ftl ft ft 


z ft! u. h 


fa ifil z, Isk-ft« iE3£Pftftll:o #£,fiS, ftlffl 


1#5;'Jife. ft$$z=z,+z 2 . ix-hjz, 

( KH#||^/lz,|| = ||/»z l ||fU||/»/4z 2 ||^||/4z 2 ||), oTLU#flJ 

\P,Az, + P,Az 2 1 ^ |/'^z, | +1 P, Az 2 I ^ ||/*z 2 || + \\Az 2 \\ *S ^■ ||zi||+ X • ||z 
■KftiRls /* faSift, MI^T^ft l-Pjftftjiio Wn a 

ft ft. ft X u ftftiftfSIxFliEfaMfEli^IsLift^rfa Etj Cauchy-Schwartz f#§lj 

\\PiAz ,|| ^ V Pi + X 2 • J|z,|| +||z 2 || = yjpi+X~ ■ ||z| 

jE3Eo □ 

c e. 8), (s|v||,^V a-|v||), nm 


® «« I ^(IL^) 1 ' 2 '(I,:,*, 2 )' ,: • ^n = 2,a l =^,b x =|z 
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w .-ft e 


WAMNJESt 


( l ~' i - 

it Yl\IP, + A 2 

\ i=1 


A 

J 


P 0 U 


kB. Efe \\P q u\Hp 0 N • (1 / N) 2 =Jp 0 /N , (E.7)o ■ 

i&M-S- 

m Mwm, #—^(*u)-r3fcfflG=([tf],£)±, cm# 

tf&. iBsti&B* %-^ [ w ]±w &j 5 7 />m£ 

V]v-(A/</)'-Mltto ( E.7) + i£®rslfclX^/>0.5-log |/5 JV B|, 


A 1 s — u 


sfN-A^MX. &Mm, 


A f S-u 


Xn-Wa'S-u 


. Tff'Jffl s-« 1 / 


iM&iTrs 


,75-iZ 


A'(S - u) s?i' S-u , Sffl 


S - u 


< 1 , 


E.2.2 fait 

$7##:fciSft[i60]4 , &9ffitt.£R$l» 3£ + i=2>/<7-1 „ (japfi^ 

E.2.2.1 ), 7 5)5 fd Reingold. Vadhan 

In Wigderson [,9,) ftm^ E.2.2.1 

E.2.2.1 Margulis-Gabber-Galil iTjj&II) 

*Mljgg$»i», %&M&M&%Z m xZ m MW, &^M&&{x,y)eZ m xZ m £m=PM& 

(x±y,y)' (jc±(^ + l),_v)|n(x,.v±x), itfc&tffo &W ! §£Mm° 

M8-jEWJffl. K-#ffifa±K^^7.7 m Wf;S;A<8o [tlJtbM: 

^iiE.io #s®fi*{/w 2 :/M6N}^j(8, i$999)-r^mmmwmfom.o i.e, 

^w^^x-fftsfurtinr^#. ® 

5£SE.ioM-^®flAM*H&i, JttffiftneN, 'EljpJfflS*^{0,i}"/^£rMo 

^u n n-i 

wsw^HEEaftaw^ai*). 

fem E.10 Ji* Gabber In Galil [84, HtHtft, #ST Margulis |l641 i^§!± , , 

^, l H#%3fl^[160]>|'W®^^^RrWM (BPE = 2V^I ), ®R4!l (BPrf-1 

i W*»), ® 

E.2.2.2 Zig-Zag 


® 4f$±.3«*>2RTWHisIT (x.y) (*±2.y,.y), 

(jc±(2>. + l),>.).(x,y±2j:)S( J c,^±(2* + l))ffi^®llft, ttTnTSffi+W. X ±R. EP JL s=5%/2 =7.071 . 

#^i«[i60pt 1 Mt«Jj£jti7®4u(p 5 -p)/2 tflfflMtS?, K-4' /»= i mod4 d(*.| MpWK^. So##S:itt[8]t 

MS!2 Wrj£. &Vii&"St-mmm%{p it -p u - 2 )i2 wm. js^/teN./> ibi±. 
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iliWHt 




a » 


/*=£— 'f'j: 


r /+l ° 


a 


#muuET g m G- m ?. ro g /+i g,wjk 


iitt Gi^xtii. G\=g 2 , #&nmr G,nt**it < 

Mfrxtftfcfctt). 

Zig-Zag $R 

zig-zag jRw*fai “@*R”o 

G = ([D],£)|OG' = ([A^],£') > &#j 1G' (il^T G) D-IEU W. G 

Jtrf-IEPJ(ft(ftMit!l. ^«D)o G' -5 GW zig-zag G'@G, Ji—^MII^[JV]x[£>] 

fKj|5. ^i£^4 l '§L'S‘i&(M,i) e[N]x[£>] fP (v,y) ^ (i.k),(t,j) e E , IL'i&Pft'T' u StlH k %: 

v mm i ^iioBP («,») *p(v,y)£G'@G 1>ftill<i^ttj|#4jinTfl!r3 
ii: G 4" S (w,/) f f J (u,k) G {/,/:} ). SC E& (w,A) SO (v,/) m it G' 

(*V lttJg/&i£)), #£G + (v,/)tijfiJ(v,y) (» Gtraj/J}). #ja 

E.i. iS-^i^BJIiPTo 



ffiE.i Gm cm zig-zag *r an? „ Gyt6-iEiijs, cm 6 3-jEwufflo sisig'4' 

(*S*>, 1M£«±W*-+&*AU*AI», ffc&HE'Hi. 3-&^^G'@GM*f/3u£, 

igiiii S 7 <u,3>*a<v,2> 

KTftfc&lB T zig-zag IE £$3£, &ftafcW£ltf'q'Kfcl'&-, 


fflilTa^/?':[^]x[D]-»-[jv]x[D]0<]iiii$#a«^^ tarn 

(u, V )&miT-ummi&m, &&m^vmmj&&, wa, r\u.o=< y,o. 
®«fitftSB«[rf-iHJil!lHG = ([D],£) vjmm aSilJfeX^TS^W 

(BPft£i£{/,y}4Stfffe*a. jau /?(/,a )=(/,a)). ffl £„(/)3gjj*AUe[£>] Hi£, i£ 

a Mi£/ffSI|i£MOT/£ (EP^ R(i,a)=(J, a ), PJ£ a (i) = y )„ G' fP G #J zig-zag fR, 
ifif^G'OG. £j^M3l^;fc[JV]X[D]W^, &*#*»££* 

$P* R\u,E a (J)) = (y,E p (J)) ffllj ((«,i),(a,/?))->((»,y),(/?, fl )) (E.9) 

fts*.. iaiMiWXtatffe-ia. % R{u,E a G)) = (y,E p (j )), tBgM^(«,/)e[JV]x[D]W 
® ( a >/?) («,/) o 3j£ J' (a,/?) > ti"5t;^ l Jffl G 4 1 (m,/) SO { u,E a (i)'j, 
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ffl d E I Ul fiffl lYj fjj ii* 


def 


ftm{u,E a (i))=(u,E a (i))W%o' M-^m%ifc&%(vj')=RXu,E a (i))W}m cbpmt c 
4 1 (ft P M ). Jt/pjiii G 4 1 ifr M kk ( v,j ') SO ( y,E p (j ')) ( /£ X j=E p U') # ® ffl 

/ = £,(£,(/))=£,(./)) o 

. EH G' ®G ^ /-IE HU MW £>/V 'HI*,. ## 191 ] 1 1 iff 0/0 ( it 7 in Wtf: E.2. l .3 

I(G'@G)<I(G') + I(G), $PJ| G'fP G^OfM, 

(^tt) « (.ta%& cm g 


pio “ g'@g 


7H 

^;)o $P^#JEgid^J G'©G fK) G'^c, G ffr (Replacement Product), iOzsJEM 

H, J.(/J)e£l£MT u / &i£fPf£Pft/ v #\% j 

(u,i) e [W] x [D] m (v,j) ZtBrfflt~ 1"ii. 

iSftWJS 

i£W3fcfflteift5Rffl±&HS!lto zig-zag #550±tk, /-regular 

PflG, =G 2 = ([£>],£ 2 ), ®3£^£> = /' , 1(G) <1/4, G (+l = G 2 @G, /=1,2, —, 

Mo -iT5fe^^«rfflWTO. (d-iE9ft D-m&'i IG 

*m zig-zag mms. i^sag^iWTWiM: 

(1) EH GiM. fife-IE BOM, M d- IE KOIDEft zig-zag 

(2) G, 1/2 (3£M/SfflT A(G 2 ,®G)^I(g 2 ,) + I(g) , t;X^/ 

/l(Gj 2 _,) + /l(G)<(l/2) 2 +1/4 ). G W zig-zag , Xt G, Jfc^f 

^mm'i bhh >. 

MUpIUfo&G,, MM, SrT!I3 

ifliOfl, tp At! G,.| fpj Ul fl-J35!$f iS , nTWit^G 2 ., ffti£frO ^ G (Kj zig-zag fj-U 

&KS0, iltilifFUdi/ffi/X/ G,,, G Wit 31). fi 

fJ0* rnik SO$ 3S M $ fifttt. 

# G 2 , =G 2 ©G, Mffl 

G 2 , = (G, X G,)-®G, JC+G'xG'^*] M G' = (F',£'), 

K0 G' *G' = (V xV',E") , &4 1 

£’ = {(<w 1 m 2 )»<v i v 2 )):((w 1 v 1 ),(w 2 v 2 ) e E'} 

J® $J i£ 35! $t B§ $St ;*7 

/?" = ((m,m 2 ), (/,/ 2 ))=(( v,, v 2 ), (j\,j 2 )) 

^4) /?'(«iii)=(v, j\),R'(u 2 i 2 >=(v 2 j 2 ) g,=g 2 )o mT&i&mmuwT c i^in- 


> 


£, (sjfftfjffl—^^■g-D = /'MIjiWd-iHJIBIfflG = ([D],£) o ® )±icSOS0(ia6<J 


® d, G = ([rf 4 ].£) . SSJ£ A(G)<l/4 . 

© a#$t-tffl®W*(G,.xG,) 2 ttftt</ 8 -EW'jeKj. W*G, J6rf J -E!lWW. 

453 













ilff-U&tli 


*»-l 


mK G (+ i=(G,x G/)@G (D 2 ) 2 • D = £> 


2 " ly Ni£M rf-iEjaija, ZjCgj< 1/2 ( 0 * 
^(G m xG m ) 2 ®G)<^(G m ) 2 +^(G))oT+# G,./ 

it, (^ji, 

W^it)» 


/Pi'* 


zig-zag $ffi, 

(&*, fflw§K*Mi«jinfflse«iw±ii*^) ft*, zig-zag 
mj^o aaswitiipRfi-^sjf^ffl®. zig-zag^ 

Jim, *fflJtafflW«!« (SSil3|5XliJ)PT 

J®>. a Zig-zag 

♦HE <6. 

Zig-zag ft&ftA'MJMR 

itufflW®i^*m^##3ti^[191] + iiE0J6tj^^, ||J zig-zag ^R^+g)^#tE{tW±#^M 

(BpI(G'@G)^I(G') + A(G))o K$, #%ii^[]91]4 , iiE0^7- y h 


fPj±!f-, BPA(G'®G)^/(A(G'),A(G)), ^4* 


def (1 - V 2 ) • X 

f(x,y) = K - V + 




f 


(•-/) 


\ 2 


V 


+y 


(E. 10) 






/(*,>>) 


<>-/) 


x , i+/_ 1 (i-r)o-*) 




X (G' ®G) 


1 (i-1(G) 2 )-(1-A(G')) 


(E.ll ) 


0jit, 1 - Z (G'@G)=S (l -i(G) 2 J-(l -A(G'))/2 , ^MjnmW^ffl#W]EW1#fiEfiliie, Mg 
Zig-Zag (W*mA(G)<i *1 a(g')< !*&$:&, IU(G'©g)<d. j® 


iNfc. JPmA(G)<l/V3 , P!iJ 1 -A(G'@G)>(l -Z(G'))/3 « aM^££j£SI 5.6 WfiEB *£M 


4411 


© airlifttp, *fe±. win. 5.2.4 littJBitrawjsfiuaiiq, 

t&X ( ill£4#; ff]±#J zig-zag fit31 J£). 
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• 3U£(1986) 


sarnies 

4 >o Mmi. 4 ^T$X'tiffnj]M j£ ^ Ji tfi 77■/£#1 /sKt*Hf:77 iffi&Xg.M , 

l*i$IOI 

T i£ Mffi : 

( 1 ) iSJUffitHttiW Karp-fi^J, Bj# iluffBj]MT Toda 

msn^ wms . ®£wra^ a o 

(2) Xd-ftmS6>E/(n)e{2,3 t -,poly(«)} 6ditl ft/, W/?(/) eJ^M(0(/))|n JAM(0(f))cz 


F.1 iEW 


0j^^S6.i6, pjfnrm cook-!Q^^#pw (tai^ttra). 

(•&& Toda l2,2| i®ai), (ftifrlffiflHfc), fa 

is— y Nt§M3l7rii& ® ?>. / S^#? > Kl 2 $£bt”. £n 

tilig e#T, f(x) = g(x) mod2, RiJ / JST © P |1J#, $n 

|o] g R e TC , \t% fix) =| R{x) | mod 2 , fft- ^ /?(*) = {y: (x,y) e rt} , RiJ / If © P 

m (jjpig^o *&±, g—^jn# 2 pwia 

■^eHp^)o 

$Hm it, 

®fiEW»g#«S[22O]+mi&TiEl!0M|R*mS. ##»[136, 212] 
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BSSBiSB i | Xi U. Aft 

itmfcSF.l ACO feJ&Tei/B&^R 

H ft- Iffl £j Jt|. ^ Jft f5J H , 3.8 J3IK 




mftmmi urnmmmmm K arp - nm . uarjsy © a 


ltt«, (BPftttMs a, # MF* a; m-^. Slit 

hKmitmm^mm^^nm fft. ®hh-^^ 

m-tP^-r^Ms*, 3t+jpjffl7ifcfi 3.9, W&±i£WfHI$g«. 3 

> HEE#I*. 

ttjiait tA/T flj © T M#l Karp-jQ^T. 

tgHiji: rMH—^we^. ffiiaz 2 ^B6 W.fi^®y m±. *t 

HMWm a, m* 4 m ® t 4 mnm, m a m b 

fginw, &ffm&nm®p 4 m®p B mmm (mmutk, # np 4 na^jiy ppp 8 ). &*gj, 

© p* t =®t, kkmnm z 2 (.w% tw w ) m © t awi Karp-egj. 

fiimhttfiXT (MHMk^2, &z k MWmj%®P) MffiW 
&M. flSH^FSjWlfS^rSJiJ-JftWZ* (MUMk^Do g'Nni^lU: 


&#&#: ±$£# = 3#*i£/£ 

( BPMiB tA/!P I!) Karp-I&M/ ) 

«->M0.4*: *i/8*i£ r li, i&^#sj#-#(tA/2> 

Si Pftl&Mj ),£A0#*J/B1f#fc#,*$ra*(uS*,S*)'q‘!Blij*©rt={*:| jl ( J O|* 1 (mod 
2)}, ^4 , US s ={x:|^(x) = l|}, Sr ={x:|/?(x) = 0|} o $W, % 7 

mnUlBiS-ifMEWo 


IIM -WP'lti* 

35^3 6.29 WiiEHUffllH), M ft M RsPC JF £n » 0 # M ii BS l/l Karp- !0 ^ ® ft 
5' r ={at:|^(a:)|^1}!I3^PJ®3 , o ft5ii£#jB£jW#} l t2f& (in#^jtSR[ 136,178,212,220]) R 


: *J/fl£S6.29ffi8*ttflIM!0£i, {0^niA^it#MM^±afgiMW, M-P£PTo 
[0®^S6.29 MiiEgj+'&ffiTtMr—JttftjftxeS, , /?(jc)4 i 


® *&k. -w*m" (te*iW) wshijc;. &#i» »;r kahh^m m am (£ 3 . 2.2 wwiiiw). m 

PC'I'^ltt (filSW^iMiWfsj) #18. «JWfiEiWa^MS^ FWI^SMUc. ?M. BP h 

asfi^aKtt^JSAWfOil-JSCWiHW^ MfiXTtt u mm n M. MMxt.m%{x,s), S, C jo.!)^ 1 . 


•6 Pr, {y € S x :(i/(x,.5,>>)}| = I (mod2) >1/3 


© a#wtfSRas«ftfijBft-«iDj@fl<je^i'ps3FAiti , i<j. %-mmMPm ®p ws^jj m> 

® !m^PK6.29. !H1* PC't'ft.ta^RSSBTKjftife^^jA «. M«m 5 S ©« . ftflclfe. «, e?C . 

^muim'-rM ®r 2 . 4intf5?-#ij s„ sj ©/? w 1 / 3 ^ < I'lffi«, sij /? 
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f -‘rfiiwmiuj 


flUfct&W—#IE—»WflF7B, HMW+^SM^cfEiaJlJilf. Sitb. 

^X^ItMilMf/Uf. MW^ilJt SWfttM. Mi 

't:^LUSl : WM¥Ai-F/?(x)4 3 ^^ y h7G*3lil» 


XiSi&££2§ (jAl 8.5.2 T?)o 

£P*±, Mffi# S’, P. M±, 

Wxmm\m#i%{x,s), g+s^££Mimjif+x, 

RG(s)Mmybm% i <^$±, jp*|^(jf)|^i, m^m{x,s)R^WL^Mtf}W&i% m, 

WS|*(*)| = 0Hl f (x,s)ftm), MWi&, (JE 8.5.2.1 U), is 

ftG:{0,l}* ->{0,l} f( * ) . n^G(U k )m%R l/6W<iMJ./(ifc) = exp(/2(*))o fetftfitt, 

Tse{ 0,l}*fq^l »•€[<>(*)], / tk«Kp, iBft G(s,f). 

uatt, fiia*r£®£JU£/>. uwcjo,!}*', 

def 

/? 2 ={((jc,s),.y):(jr,^)e/?AG(j,>') = l] (F.l) 

Stj£{0,l}' ,(|,|) S [2" (W) ] > je{0,l}° <W) j|) = 2 lyl ° /? 2 ((x,i))= {>>:>> e/?(*) a 

G(J,^) = 1} . l&Js, M&MxeS R , ^^SSUsejOipyi^ 1/3 ftM$yp§J£ 
|/? 2 ((x,s))|=l(mod2), MUMxe S R e{0,l} o<|l|> , W| R 2 ((jc,j)) |= 0 „ iiMft^ 

W&R 2 eTC OAM®R 2 mR®T ). Hitt, S, ftlSa*J£*m&lfift3; ffi* 2 (Mil X SO (x,s) 

& iii{o, 1 }° (P(W,) * *&$j *&# >. * x ± m x*t rmr^tc^r, m 


WililBSfllft Karp-!/3ft, npft JVP © P„ 

co^P-t#^ 

nTWf'Jffl Cook-M it coJ\TP J0ftflJ NP, /AlfijiM coJVP RTBi#l0ft§!l © X, (0 Jt 

M, 1VP yiisXJ, At 

XSecoX/X (BPS = {*:/?(*) = <*}), ^\ik%3\^R 2 , \t% \ R 2 «x,-)) M 0 (mod2)*l#T 

xeSo ffeCl#MJxilX, 4-|^ 2 ((x,-))hKmod2)^x6 5. %]&, A?i§X * 

itira-X “W” )S¥o «n, oTit/? 2 {(x,s)) £§r£X Aj{ o^: y6 p 2 ((*,*))}U {1 o P(W) }. *£±, 

HP ePifedMd'isjrFftitWM. 

bp^^ s 2 ftjaftte&Mjscft. Ms 2 fij©:p cjamHX) isjs^n 

AXSJgXMXflJ © P 

WiiETOXft-XfiM^iit, £f!l©PftB8#l Karp-fift^WXX:^ (#-i£) f£ 

ftttife. 4 p 2 ^p^ (F.l), mx, 


R 2 I |( jc ’ 5 i>'"’A(H) 


'(W) 


-i+nH*M 

1=1 


(F.2) 
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nmim 


w 

p 


R 


<0 


((at. 




'( 1 * 1 ) 


)) |* 2 ((x,5,))| Silt, 


’l.»2. •• I ,(W) 


= P_ 


l'(l*i) 


|^ 2 (( :C ’ S ))|= 0 ( mOCi2 )] 


R 2 {,) ((x,st,s 2 ,-~, s, (w) }) s 0(mod2) 

JC4 , 5,* l ,s 2 .—{O,l} o(/,(|t|)) ±^^|, IkyLftti (J.piW£/?(*)£ {0,1}' 

£s R PJ®fl 2 Oftx R^M^(x,s)) U'&Mi ^F5 R !/3 

(IPxs5 ( ) H*. (in* =2/3) M^#M*§PJ (HP*eS«) 

w, U5»«mmo. 

R 2 (,) &^n-T®T, &mm&, r 2 {,) cf.2> tc 

*$IIo iiWflflm-fUL&teiS (#inAKMf$) \Hd\i, 4 


^z w ((*.*,.* 2 .—.*44))) ^ & & 


itb 


0-0.^T.A,•••,>’,( W ) 


# cr 0 = 1 _§. 

y, =••• = >’,/I v! ) =0 / ’ (l ' lH , ^c# cr 0 =0 /e[/(|jc|)] , W >>,. e({0}x /? 2 ((jc,5,.)))u|| 0 , ’ <|a|) | (IP 


'( 1 * 1 ) 

aE# y, = 10 /,(W) , sE# y, = 0 y[ _§. y. e R 2 ((x,s,)) )„ 

Sf]I35fl. tEkki P5t (F.l) tti&fft, iiJ±±iE«^«jlfiWW#i!|—^±PS* 

Am 

exp(- ? (|x|))ft(j^W, %*¥ q mtfeWf'J&'WJmMtto 

ME#: I 2 1t^ 

*t^JS3.9TO, 

p fn^-n" 5 e n, = cokNT f$f# 5 = jx: 3y e {0,l} /( ' * s.t.(x,_y) e S | <> fS-JS S ecoJVT , 

e-2- p{lxl) , &*\> e *zin 

(rtTz. 2 mm, ^f = i/7ipox, dMfs,. siit, n^%%^ 

t (IP r(« + p(«)) = 0(/»(«)log(l/£-)) ), oj Wf#PJ A^ R 2 ' ] eTC , y$i x R 


y e {0,l} poly(H) , {0,1} 


poly(|x|) 


CD 


fl 2 (,) ((*V))| »0t, 

x '‘=(x,y)eS , aislS^l-«'2''’ W 

{Mffi^mm y e{o,\y H ) ai&nm, Mm&mms, 


VL&, ^M MPfti&SM 


MM. xeS y itm |/? 2 (,) (((x,^)^')) 


® ("I® (*( = /(!* |)-o/p(|jt|}} , iff tf'(*')s{0,l} / 1M) jg s' fifj “ffiffi*#,” (BP X eS«'(*)<= {0,I}'’W ), w^t, «, 

((*',*'))<= {o,i} , '(HV i m«j<*>((*,/)) fi {o.i}HHH'FMa® <* s'ecowp m»w>, ^hk'We5' 

»“?r” &W. m “id” istfff, atjft^s'w “tt” w* 

,&2.rt : .59 ( ] “Ji” 
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5 , |/? 3 mod 2 W'CE0H>r<T IE'S x e S (jfiiiBH/j^l^#^'. 'f'y 

R 2 {,) (((x,y),s)) (F.l), 

/ 3 = j((x,s,^ ),>-):|/J 2 (,) (((jc,jk),s'))| = l(mod 2 ) a G(j,;f) = lj (F.3) 

&tiZ, / 3 ((x, 5 ,5’)) = ^:|/? 2 ( ' ) (((x^),5'))| = l(mod2)AG( 5 ,7) = l}» Mfift. ta^xeS, 
154, WM4>15 4 ) , 1/3 Wi$ 


= 0 


^\-£ 


® 




<c 


?j|/ 3 ((W))|2jW, MtfiiMxeS RB fW 5, w^,[|/ 3 ((W» 

1/7 fft, *Mij# xeS , WP r , r|/ 3 ((x,5,5'))| = l(mod2)J^(l-£)/3^2/7 , M/ttffil; x £ S , 

■H P r |j/ 3 ^x,s,s ^j| = l(mod2)J ^ e 5= 1/7 ° @lth, |/ 3 ((x,v))| mod 2 tUtS" x e S , 

5PC(M±, 7 3 Mt^JS^ ?C). ft&ReTClt 

®/? 3 = ®/ 3 o 

/? 3 = |((jr,j,5 , ),(^,z)):(((x,>'),s'),z)e^' ) aG(s,^) = i| (F.4) 

^•l 3 (>\z)e {0,l} />( <:) x{0,l} p ° ly(l> ) (t!li)Cxli&» ^,zje /^ 2 ( ' , J=L G(s,.y) = 1 frf, ( y,z) 

m t r 3 ((x, s ,s)) > , m m , « 3 e?c , /a m m t w t i i s m 

R 3 ^x,s,s '))| s |/ 3 (( x > s: > 5 '))|(mod2) „ 4 Xy , 2 C^ ^(x,j),.s ^,zje /? 2 (,) 

G(s,^) = l ), 

|/? 3 ((jc,s,5t ))|mod2 = ®, , ( Xyz a 4 y ) 

h ((*>■*> 5 '))|mod2 = ©,((©, Xya ) A <*,) 

$Tsf#iiEoAMfn-S Rj LUI5®4AL±til Karp-!l3^j^j©/? 3 e©J’([l 
X fij( w ') ^4 *(*,$’)#{o,i}° (p(h)) x{0,i} po,y(H) )„ 

iiMSeI. 2 %\lf&iL, S 2 i 3 TWM|fl±lkKarp-!l3^*©? , o 


mm (i 2 so® t) lAifntrmmmmrm t-i 3 <w 

5' e coMP flj ©R[ ,] mm OttS'W (i£ “Hi”) fflfg 

(if^) sm®R 2 mm (*tsw “&” m, %— 

m -«'K m®4, j&itfm. 


® ffiii'1-ffi.tfj. jw**es, mfi-tfiy, s', tf|* 2 ( ' , (((x > x),.s'))| m%)krecoup jy®y 

M'hJKltfP “M” M-Affi. »**«$, WljF r .[(V>-)|« 2 ( ' , (((x,y),s'))|»0(mod2)l5=l-£ 

#(. v )iS', rm. cowpn ® t o).m*. WMiesiij, ap r , n/ 3 ((x,s,j'))|=ol5 1 -^ 
(H»/Ase^p s, sij®p 3r mm*tp “?r” eg®*. a^w*ia^^M 

Afa'jlATffHS. 
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iiniiftn 


-mm 

^ coopts urn, (m®T)o 

£±, ^vEm^M c^n*.,) &jmWtX k fc1*}M®T° Eftlfe, 

p |B ||^ s' e n*_,, = ' x: 3 y e { 0 ,l}^ |Jt|, si.(jr,_y)eS | o fli^E n*_, StlftfcS^p 

* 

*, mm^R k W) , s^^fsW. | /? * (,i) (((^> ; )^'))| 

I5(xj) 6 5'. JNT <.R I 2 ) £Kj£taM, , \£% 

^ ( '* ) (((j5.y).*’))|* 1 mod2 • & «M# f'j — ^ ^ m ** + . > & *t I® #i w 5 , 5 ' . 

5xeS. *J5, *|fflf£ig*g«, #&»&*'* “4*” 


^*+1 (( Jf * 5 * 5 ')) mod2 fftHLilLlI" 1 

±&tt!B^ii£&m®Mjs-*rRia. ji#±tfe, (5> 51 J ®R k j lt, ' ) ii3 

gr «!«««*£* + i± pb, mi( 5 ') mR k M e k m&m&e k ^ s M ■2- pH c e 

*ui&*B&i&8). mite, m y5rRrifi4fiiQ^*®ysS5i@± £ “S^faT” 


Ms tBMift, AMimMSeE* Mu> 




3.9), 


a 


(&E TJX M«teM> ISIJSMMfffilLtlt. HWttMJTii®. *tiEE0J#£&#M!J3M. 
£±, JS—'h (±®W) “g/£fa±” M, 3 j7#F!&»+i f'JfflT 




(fij @ T) MfiM 


F.2 iIE0^/? > (/)cJE5W(c»(/))cE3i(/) 

9 . 1 . 4.3 

f. 2 (fyffl jam m-n$kmmti it > &/ : n-»n a—mi 

/P(/)cJZLM(/ + 3). 

^$0JMJi, £Wffi0B/y(/)cjWl(o(/)) 

£ m f. 3 c jam m m tt in m ) « /:n-*n % — -r £ # ^ # a & . mj 

JAM(2f)czJAM(f + 1) o 

/:N—>(N\{l}), W/y(0(/))cJZLM(/)c/P(/). *^£^±*£^£3. 

a*: ^a f. 2Bp*r#jft/, iT(f)^mm&%Lmt$i° mw 

±tk, (J&#%£ift[90]4 , Mlft^c.i) fMEatB, f.3 W 

ffi^ + teRS'S-T (^EJ^M(/)W) f§«*§M (#%^-^[23]WJIfeiiH0B4 ) !)IiJBJ3ajltB)o 

F. 2.1 mm AM-mmmmmMxttiiEw 

«M^a F.2o J§ Goldwasser #1 Sipser 11 U| M IIE BJES E, 

j&ttmisLmfr w mee^e i5j. 

F.2.1.1 Wt& 

m m 0 t* «—t m ffl m $ a ji: ffi 0j§ ^ se ( p, v) ft n * e- xd- isj- m &m & jt- n m ft %. 


460 




WfatF ‘hfiWiwuj 


s^Tiw^nit. vm-^mtvEW# cbp/m£ Fxttt*ftAWft 

g-tfEMAtt), £#'J *. K£-t|M#2:U5, ft 

*JT <*5 “£” &flJ 3 Hs=M> “I?” £#U, SMli^SJil 

m 6— 'MfcJFftffiriijRft, g^*tT&*tfA X, M#ft3&iE#ra3i-££^Ao &#- 


(ja^a6.27 WiiEH^) Afaii. gT# NP-fTtfflM# 


ft#, JSSU ft#i*A®Fftft V ftg—'MftA 

iKPSIUlft^ 0*0 

-+«SRJK* 

n«]iiE0^#p^jii-^mm (sa^^ati vm^ 

apBfi#L«fe), ffiw^isin-^mjs.. 

& Mli&ttmJSJtMi&ftAfflfc. 1A X, &iiE# F 

^ij, row w* vmi'iN^ffimw}MM\>%LF?n cap 

4- F&tfi&ffiJtMMtftS&tfflJ) ft^» 3-Affi, “#” &0J, !WTJMjM!tt 

&&?f»«r|53Ufc*, iA x, ffi0J#«Sxt (ja$&3Rft+) ^pTIHW V-m. t. 

^;fr^l$5tw = ./v(jc)*n/ = /(|jc|), ffimn%±.&Vf\mi$.-tL, 9&x &% “&” &W. HtCKj£ 

MfiAoT: fft, rflU-^MKlft^J. iBft r, /T 

#1 F-mm. iaf^o. 

v pw&T'M «#} i' i n cap p ^ttiMfcrfts, 

(iiaift*ffif)ilfl M2'/Af y M®|fll5[ff^JftS)o M—^£5ftilEBJ3f!j/B75£S6.27 ftj 

fiEi»®$lt %kvE%-m-^mtilffi, K4-(2 # /^) _l W7Gj{iail, F 

wffi#i#^^itgiiaw ®«ff]®ia±iEi5ag 

W& rp ft s r&a. 

W. jJfcEtt, ffi0J3#MMMmAf, #|gilUflMA-#ft /V ASTt£K F-mB (iiA±i7t(m 

m, Fimt, p-fog-, njM v^(2 i in)'* him 

$.> JV'NTtBM FftftEM#ft;fl£ F M(2'/Ar) _l ft-|$SinjfcJT?iJft^W P- 

JSZ#. “TPS” IMA IIM, Ig-AMWnltSltt r-llfiffl- 

ti«, ^BJR^rxsr^^ifiiiftmwiamsfc^wjs 

mmum. ftftKW(2 , /^)"'wji s ^iiiJ±. 


hi5A 


® &l@±. ^ffi#®(tSI®{a»/r-?iJr'J6Siai±^, #&liJtJt5flte-K«iffijaa. M.il. '±i&ty%\>J.p&m~h 4-FSSCBP 
Ftfife£i]iiEnfi#?fi.S.jm. *t J-Rfitjm r . j^iSSSSIA). 
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iir/U&il: 


J:P(2)lft—flftlfjg 

M—BPffWnTtBW K-JBJ. 

ffi,4i5ft. jtkfft, (/ -to jK. 

M* 0 |W] (I^ffll2-@f) WMMito fiE$#Wiifri±8 

p]± (HPSiHi. ####2'// > hRrt&M F-iBE, >. ifcfl554HM 

^o(/)W-^S-T) ®-*ij5J&&BSt (0Tft3^t§Mf#SiJ) fflfcfc, g^NlMoT 

lUfcfcM. 

Situ, (BP IT(2)). /J^WSklSS 

a aims (aiy&ft) ajsw ^—m csE^^a^) jtow fit a. ihhi^j-r 


tiUM K-il a, 4"iIEB0#iS[5] P-&%~/}, #M/m 


% FWW^B6#L»^Jfil3c. 


Ji^iE# £—*M*7& (BP/?(/)) 4 1 . B— > h»rW^SSl*!l^X54>Wft 

sy^s^-g- /-2 (msM^-^M, &$e 

^ m 2)ffipf))o it—wfiis^, cm 

/“teSRJS**##). ill, £*BfcBS—^iE#nm^SiEil#W 

ffiSti, F.2.1.2 <HMll!4HB7. £+?E#5£j8£. 

r “«#” (ii^^ffiipiiiT^i). (« 

£) F-$BJ&. 

F.2.1.2 

Xltt+tHSftT&fl'IISMM “BSUlM” tfrifc (£P#%£i$[227]*£Kj6.4l!>). 

cmjuE^m) nm, vE*m^&j:mfnmi!, &mm 

MTmfro . 

(*#-£W > HB&> (£&#£F 

T), ^3P^#*S[ff^l/poly(/), 

*h S^WtgJIo 

(2) ^files'c{o,i} f , 

JS^S'W«^M^poly(//ff)-(|s'|/lv)o 
H't» Si^fi (^f=l/2). 


® 


ma. &—mf <$n*t*® “% n ^w). 

M.ffli*KslHiarKlS {■, if ft.ft-mmY (in*t*« “®” *01). rfvHW¥&- y tm*ma&K7. 


462 


tW,ji F ^iTwSWiiHW 


13 3 SSM5W&5f«5®fPt»>iXwr^Jffl^ii 6.2 WSSI^i. ft 
tk> ^ tn = max(0,log 2 N — 0(log£/£■)) > WLScilE&nS |S| = N , Pld EljiS'S]Hash P/t 

&jXftt2 m 7'J^ft;^1^s4 3 (l±£)-|S|/2 my b7t;^lft$i^f.KiSio Ej&# _ ' h 

jfW Hash (HPnra£sM&##J#>. %LMi£&i I#, 

S +7G*. Mfti^TU+o ri) 

fMASSiH. 3 

'h ^ 3 ^, (JEPft^c F.2.1.3), |t£±, 

#»jj&, Hash m, 

ltm$.%%\s'\/2 m , 3t±reJtpoly(//ff)-|s’|/JV . 

F.2.1.3 

jpJfflW^ F.2.1.2 WW$ME3t5:£iiEHJj£fE(P,F) W^?F»«!f15 

jk*. 

mfe(p,v) imes&a x, 

ftik'ffo •ffl/ = /(|*|)** FtefflMIffittaMHft. 0®j£tuffilg #p 

WffiBJ# (^ JO. EL (^ife-J&tt) ffl(P,F(r))(jt)^P-^ FM 

SfctSto^BBfl*, Jt+ FftJ8Bfi#U8tr, MJi®, (P > V(r))(x) = (a l ,fi,-,a„fi l ,a), J£ 
^er = V(x,r,ft,-,/3,)e{0,l} & V «J *&£!&, ftME / = 1,2,...,/ , W a, = V(x,r,fi l ,-,fi l _ l ) 
Rfii = P{x,a l ,- -,a i ) . 

MEW /»-MJ&y = (a 1 ,/Ji,-,a < _„A_,)^WW^BJ^. —&WB6 

t/l^?iJ-ia^ACC x (y), #4 F ^ P X, re^CC x (y)^J.iXSM^ 

/ e{0,l} 2( " 0poly(W) , W(P,F(r))(x) = (a„^,-,a M ,A- I ,y , ,l). 4W V-iflMgMMBft 9J*4> 

1$. ffl 0 # W iE ^ » BP reACCjfa,,^,-,^) ^jELlX^Xt^Sfty . E 
(P,F(r))(x) = («,,/?,,-••,a,,y’, 1 ) o 

aas^w««^f«, 0'Wf?^(P,F)W^@1±^/i = > u(|x|)/h^poly(^)''o HlLt, *f 
ft* 3fefcU, W|ACC X (A)| = 2', Mftt “5” W|ACC x (/l)|*S//-2'. mg±, 

c bp Acc,(a„/?,,-,«,)> 

7 poly(^) 0 7 1 o ^ H 1^1 S§ ^ , Xt 'fi E iKl oP I'J ^ 




F = («i»A»—>«i-i>A-i)’ ^ 


® ffiinfBm. ki£ft«RJStei£ 6.32 ife£—. W5t. ttSfiJ. 5}-#^anrftg^5$# Hash d<Hi££g&!£fiE 

&. ro»ffi#MWii»- > Fei». a^afwfse^.. te&fii-kxif? 1 “^-a-au” ejs <«!«•«-) #*isst. 55 *f. ittw. 

*fiiF.-K-i&#« Hash *#BTf6 (WSgttffi'J') J-S). K-ft. MSffiJ: 

&#>«*. «6 -a>fiiiH90#BHajS#s+^-F aSiasE-tf) MXif! 

(SW) (\-e)-NI2 m I'jimfoW-li, aWA'ffinlW 


a$#x*s>. 
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(F.5) 


umim 


|ACC x (y)| = £|ACC x (y,a)| 

a 

M ACC, (y,a)| = max^ j|ACC x (y,a,/?)|j » P oTIMiiH^ ACC x (y,a)|S 

x, asoiffin^ \Acc x (y,a,p)\ &%tXo uebj |Acc x (r)| ^^ hj ya^ffisjy #p 

XJacc v (x,«)|^^:o 
{to ®4nlt^F.2.l.l 

J& (BP$5£2' sS|ACC x (y,a)|<2 >+1 tfia )o 

a{f]+lj3il^iEii#nrWiRSiJ- > hjS^Wy(BP^my^W^^ c { a M^W|ACC x (r)|/O(0^^ 
ft), #iiF7J75d>{¥£ A = |ACC,(y)|/(27 2 y+l ) y 4ll'£- (IP ACC x (y,a) ), 

2 j . M: &#EM7|ACC x (y)| A7 a-2^=|acc x (/)|/<9(0. acc x (y) *JS$ 

(BP ACC,(y,a) ), 

4S-^«{I^77 1 2 y o oTfiJfflgfimMl^ailEBiy N), 

TlfOo Hilt, {lioJ^SiJ-^ifWifg. #itAF-#:i£{3;o 

3-2fffi, #ii£|ACC x (y)|«A-2A W^/hTi-(i/3/)£Kjm¥, 

i44 ] ^aip|>£|ACC x (r,«)|<poly(^)-|ACC x (r)|/A«-2A 

afgi£B7^F>>poly(/), KlJ£itAT-&«fW. Jia{^TMiTg^J0TM^^F/poly(^)o 

saEW/i, a$± )±$m&w 

Un% 

*h {AM^#M&iiiiJo 

faj£F.4 *f-7£a$iiA X, P5 F^I'H]^^-2// 

“mmti”, a*/=r(H)o m=<<*„/?„„/?,_,)&m 

S'JAy 0 *S^. £M 0 =2 f . & mfcfti£g*nT. 

(1) ffiMfllfc—^$31 y, {^^^C y ={a:2 y ^|ACC x (y,_ 1 ,«)|<2 y+ '}&tlM{iMA^ 

n = a/,_,/( 2 y+2 ^), &y ft*, $nm|ACC x (y,_,)|^ a/,_, , wj&ftwy-^#4. 

(2) iiEBj]#*tM#i( A 4+aeC/, SCHi® 

C, s{0,l} f o 3 


^•asifckwir+'h. 


-&8MKE1I3TIS. fS£P73SMBy-«& 

hMb 


© jtt^. t-www. (ttpwis]*&*j* 

© X* r-©ft^&I = poly (0 , %lgtfc£S'={a:|ACC,(y,a)|^/.|ACC,(r)|//v} . »J |s'|*£ Af/i . AUffi. S 4 * •^^S'iUiS't' 

poly (e)/L , SliEffliSSiafflW L B't, JthlSfiA 1/3/ . 
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(3) «|J£ACC,(y w ,a /> A) = ACC x (r / _ 1 ,o,), p, SiHfclftiiE#. 

WxtAT—4-M,. <^2 J Ry t =(a x ,p x ,---,a i ,p i ) = (y i _ l ,a i ,p i ) . 

/V = M, ffl Ri#1 1ft i£ . 

r € ACC, (a,,/?,,•••, a,, yff ( ) . £ t# £0 & A r A fs , ^iE#&gHljA^W{X^ 

V(x,r,P l ,P 2 ,-,P l ) = lRrtfeM&}i = l,2,-,t> Ga l = V(x,r,p i ,-,p i _ i ) = 1 , £*ar,*nflft± 
J£tS / ft r 1 :| WIaE-o 

&M: 3 ^$>MWfcR% MWWWWM. >AW±s£1ft 

vX£ gW 3&W 2t + 3 ^$8 ,t o 

M$, Mx^ “Ji” £0ij, HOM#*H£iiE#liA» 1 

Mx^ “W” gw, 

wjjpjfflCP.Kjwfflc'&att^M. f. 4 i^TOitrs+M, m*®r 

so 

lfrg§F.5 fH£|ACC,(A)|< S ,+1 -2', &«f>£ = l/p(*). H0$Iia F.4 fKj$t 

1/2. 

IE 31 £9: WftM, MUM i = \,2,--,t , & * |acc,( r,_,)|<<r'- (M) • M,_, , HO 

acc, (y, )| < (5 ,+l_i • m, WS4m-(i/3/)MMazi. /, 4-yM / 

#($'(!> = {a:|ACC,(y i _,,a)|^(5' +l ~' -2'|, HO 

S '| • ^' +1 “ i 2 y ^ |ACC, (y,_ , )| < J' +H<_1) • A/,., 

+ 4-tf = A/ w /(2' +a /) HOW 

<4ts-N. W 

Ic'l 

Pr[a, e S'] 5= poly(^)-1—- ^ poly(/)-S 

^{iAAi/3/ o mitt;, |Acc x (7 M ,«,)|<^ +| -' -2^^:wm^ 

WW 1 -(1/3/)«fOffl M,. = 2 J () R Xtttjft p . W |ACC, (y,_, ,a,,^)| < |ACC, (y M ,a, )|, 
omMAA I ACC, (r, )| W Wr B o 

^Jffl^|ACC,(/ 0 )|<«? ,+1 -M 0 S±^®Tg, M&vEW, ±^/^WWm(filli4 3 , WMd> 

2/3 5Jt£|ACC,(r/)|<S-A/,. iltW, S/5-^ffl®#lM1ftvX (AA 

&£#»A/ f )Ht, &M£poly(/)-iy<l/6ttfc*^ACC,M+^*, WHO, M#M*£(S 
*J&ffi#&gA^ r Wjttt4iHh#f r e ACC, (y ,) ).lfrH#ijE. □ 

F.2.2 

A^iiHRJSta F.3o Htff]WiiEH^W|W|A Babai ft Moran (23, WJI&tiEBj, ±gE SO^WSA 


® BT &&&(p,v), faH't'JillA&fi -t /■«!, (BUr), ifcltt. 
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K4 3 Arthur /IBSl/lW» M Merlin (^IjS 

jWl/5f*liH¥lft) i£ in iriJ /c U M ffi A//l fj itt /c g'J A iTij if ft pfj „ MSUM] 

(-^—Arthur P^T 

mtf'}'i7%) (BP^{0,1} /(H) ) Mf^5feil #Wo illlltl 

Arthur (#M Merlin Wtf /^Sf/PP/J)° 

eryfi^ Arthur iaffc/ = /(|x|). Merlin 

Ptr/ft J§>fx/§:/(j m = w(|x|) o 

mm AM = AM(2)^~^mnM^m, Arthur %ft'77%), tt'&m Merlin 
/nlM'ffe^Pil/llSt, M MA = JAMil^Tsk—^^-'fflM^^i’^tf 3 Merlin ^ZJt—Arthur 

mtt, h#w 

fKj#^JIi/?^|s]o (SW^F.2.2.1 +), “MAJliFf” nTWffl “AM PlJf ” M&ttl 

(BP MA^AM)„ “H/JPjI” (ja^F.2.2.2)o 

F.2.2.1 SE^fclf ( M. MA Si) AM ) 

MA-M ( BP-^MP/FM^, ^ Merlin $*/§ Arthur /t^> 

If / f-fcy(j“ y b AM-it^ (Arthur 5fc/T4/j> f^/n^H Merlin)„ (^^IfiiA x), Merlin 

{0,l} m , f$/5 Arthur U/ PSI/lP/j ae {0,1} ^ H|fl/^z, M Arthur 6/l#iJi^: (BP #^#1, 

ffWtt)-*v,(^,a)g{o,i}^tB. ttMffim (iF.D +, tmmmmim, fs&TKfM# 

Merlin 'MSg, gg “#1^” Arthur MA'MffifllJBJ!>» til it 

j^i£, /, Arthur£{0,1}' f , ^/n Merlin 

W^^^^e{0,l} m U|SlJ®, = v,(/?,a (i) ) = m (BPM^giJ AM 

]"Jj |F r (y9,or ,l) j P^f), Arthur MS_h, Merlin $tffliKJtfc^^SSPJ Arthur 

P/JIt^^/sA/^# 1=1 SP/ltf^, fM Merlin M#il^Mf £• Arthur fft t >Ht3 », SMfjl! Merlin 

fcHife&feWR (fP 






Merlin 


Arthur 


Merlin 


Arthur 
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a 0) a {2) ... a m 
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P 


((a (l, > a«,-,a M ),^) WfSfi n'=A,(A« (0 ) ^ 
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, |+a = (a (l| ,a | 2 ) ,...,a l ' l )i$l^ lX=i V * [P ^) ° ® 


Jtfc. SrJ»J*«Ht£J8C.* 


a 


max n v 4^« (,) ) 


(F.6) 




E- 


a 


max < 


X^") 

* 1=1 


(F.7) 


&ft: 3J5$& 1 (Bp JC %W) M, A (F.7) H&M±#£!K» 

m, m*, i p, \tnmm «, Wv x (&a)=i>. 

$M, Merlin » l£$n MA-$f;$$]{6—1 ( BP x 

3/ “S” &0>J). fit, Merlin 


HbWo ®$]JilEJii£ulFj MA-iS^R 3 , Merlin iFilfc# P Arthur izfc#-Ptl a, AM Merlin 

W “i&ft" (BPMM) max / ,{£ 0 (v i (/?,«))} » £frW AM-i^4>, Merlin 

Arthur p, (F.7) (£SrW AM-M4 5 ) 

ffi” W±Ho Hilt, Merlin (^frPtl AM-'M-^JI^W MA- 

jimt-ir Merlin (ft!(ig#<7) W$iR, BP 

" > 

fZ v .(A« W )* > »«{ E .( v ,(Aa))} + ^ 

/ /=1 J ** 

1 


def 

A.5 = Pr, 


fa<').a( 2 ),..a(')) 

L I 


max< 


B Pr, 


3/7 e {0,l} m s.t. 


;•&(/?,a (,, )-E a (v x (/?,a)) 
* /=1 


><7 


sS2 m -exp(-/2(<7 2 -/)) 

ChemofF IMfifcSIM. ISJl&MlttfSM 
F x =max,{E a (v z (£,a))}, bJ^R^ (F.7) 4 1 W±PS^J />,,* + F x + 8 . fijffl / = <9((m + A)/^ 2 ), 

Hilt, w 


def 

f; = e- 

x a 


max-I 
P 


yZ v * (P ,<* {,) )J ^ max jE a v x ((/?,a))} + 8 + 2‘* 


(F.8) 


M$, it (F.7) WTMt (H* Merlin RSFPJffl MA-^ + WSttfi 1 *). 

<7 = 2-* =1/8, #fI&K x ^1/40R, BTlsA#SljF;<l/2. Hilt, MA 

Ri£, AMMM, A®ffi«n MJAcJAMo 

&Mk 

&jfcSJ. BPv x (/?,a)£WA(/?,a) 4 'i+lf. &- 


)F±tk, *t ft m w v x ( v )e[o,i], & fttif to g&, h %m am v„v 2 ,-,v (6 [o,i], w 
n;v,<(n;.,v.r«EL,v, /to Hilt, 

Merlin-Arthur tf^jR 5 , 

feSMiift, ftlSSS j tTd3 Merlin IfetB, jMRT!2t£lfef& j 
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iHSU&fl: 


y+i BP4 Arthur i£tr3§ j '&tr$h 4 Merlin P 

(a ( ' ) ,a (2) ,...,a ( ' ) )o t 4I'JA l 4 J iMT. ^43? /' 4S'J a 1 ' 1 ft) p« §t$f 

+^<1/4, Mo 

SMAWW hflilffl [AM] yl AAM[MA] y2 [AM] yl AMA[MA] 2 , 

a-4tA (WA j 2 ^ l M-frA) #&Jitk (R£y, = otf^4 

nlW^PJ A[MA]' +I =A[MA] y = -- = AMA=AM . Hilt,, *Mi it W/, W 7LM(/) = 

J43f(2)„ 

/=i3(m)@?. Hiit, cBP5EiMea»/). 

F.2.2.2 lf3i®!$tft; ( R[MAMA]'S'J[AMA] y A ) 

“ma5ijam^m” Rrw^»«d>— m, mw 

(Strife) 4ft, ft t &. “MA flj AM t 

4«dHW*. JAM&mxtM^mMfZT-lg&lk. #isM, ^ (F.7) «tB-#^r&, ^IM 
- iS?^^ / J N i)3c — ^-iSf'JA: RIS4 Arthur i e [r], / 't'S'JAo fu A 

A~4 Arthur-Merlin 4^, Arthur W fill! £Ht EMMIES Merlin ( HI F.2)„ 

^ MAMA ffl AMMAA=AMA ftff (IT'Iffl AMAMA 

ftffMAMA, 


MAMAffijMJc 


AMA&jp$ 


Merlin 


Arthur 


Merlin 


Arthur 


a," 1 a, ,2> . 


a 


</» 


a 


P 2 


a 


P { 2 


p': 


(X 


F.2 MAMA f(l AM A fKj$fiko Hl#5 MAMA^^Wg'J A (/?,,«,,&,«,) Wtlft v (/?„«„£,«,) i&ttj, [fnfr 

W AMA-i»$«liJ* ( (a/V^-.a," 1 ) . (fl,A (,, .A W .-,A ( ' ) ) > (*‘,a 2 )) W{|* ^it 

(F.7) &m, 

£ a(ta(4,.., a (o[% aX {^M( V 4^ a(,) ))}_ 

»±PS^ma*{£ , B (v,(/?,a))} + < y + 2-* (JE^(F.8))o F.2.2.1 *I|S], &%&m 

Merlin-ArthurtT* + o SifIM, 

(ft Arthur ff %J , Arthur (ftftjp—^T^MlfilS Merlin ift f'—^tT^^i.lHo Hilt, W W 
~){-lM 4 4i£S£fttl> W Merlin JF£n(fttf Aife r -| 3 (ft#UW4tf^FfRI MAMA 


® *’£ h, A (F. 7 ) (-^A (F. 6 ) fflfcfc). 
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W* L F ^^TI^WiiflDJ 

AMMAA=AMA (fflF.2). #i£frSilt, oj 

Mitt “MA m MA (sfcELtfi “MAMA M AMA £&”) 

til, oJ^ffl[AMA] y =A[MA] y ^^[MAMA]\ i£ft: Merlin 

+ ®^^*i^#/ = 5(/(|x|)) 2 -w((x)) = poly(|x|), PJnJim&iftffl 

— (fUffl<y = 2-* = 1/8/(|jc|) ). Silt, $CM7 7LM(4/) c7LM(2/+1), ^1 
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mw° *w^aa#-»itjffniawsjsc, mmnwnxm cm> mtf 

frmo 

-jRjsjmifc, 

m “flmar (swam), mm, -^mms s <mm*mm&& 


G.1 


if ft 

Mi A. £ tic; &#tf#&#*&. 4 t-&. 1 ±i£*JI&ij-£ 4 t 
*5-t, .Sj£-F*&Af&ft*R*Wil&3lfc*Sfr, &£• 
itaq i£## @ifclL-f-&BUi*H'], 


—'hffi#-® G=(F,£)e£M&<jWM KflU4(l!ltRi£ffl»S, £0<j—'h 

■ycl¥> ft; iP£c{{«,v}:«,ve^AH^v}. gJflflTOii, ffi£W3I® (SP^fSj 

^®) + £>bifrto, — + Jt^RTtB (& HE 

M « ««c^ia{ii,v}W—Mi£{w,v}l£lt3jflcPftT Vo jfcitf, It U m v 

£ffl+£tt«W, U £ V it® g +fKWip—>h]3ii^WiiWft*ll[&^*iS131|j^WS. 

£® g = (k,£)+ . »S®]3SjS 


( v o» v i»"‘> v ;) / e [/] = {1,2,--*,/} , v,._, fO v,it G 4 1 JailH $Plt]o itbPl", It 

E&SM-foK^£iSil|K|-l. iJWS^iSSo 

(BP v, =v 0 )o 4J|(v 01 v,,.,v ( )^, £n^/>2 R 
|{ v o, v ,,"-* v /}| = / » Wl&Rjk t'foJlP-ff (#ll&n» $nSv,=\' y . , M^i = y(mod^) . yMlJf (u, v,u) 
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in*—(§£#&#>, *nm*E&e 


j&ilEft, a,«: lG=(r,£)I-W3aa^MI6«i, E.|£| = |k|-i, # 

m G=(K V c V jfij £' <= E Ml G'=( V, E’) .&*» G 4> WAS IMFii G 

Eft—!, 2o ! G=(F, £)fft—^#£4^ 1 (Induced Subgraph) 

-^TIS G'=(r,F), rEft e itbihj-# g'JS* r^fHEftTlo 

WfnJ® 

n*%i& (f®#.) wi&iffl. aiEftft#i§ 

F xF\{(v,v):veF| Eft— 'f'Y'Mr ftili tl (m, v) 4ni& (v,w) 'F^T o $£ftf ift Ifft® SL 

( mm&M ) i4(»,v) imSiAU 31 V , Hjfcffc* u Eft^Hjii (54&J±fe,v fftit Aii). 

(sEi4Aii) fftf(M^A^®Afft,4i/^ (sEAJ*>. Wlft!®g*n4tMA*mEft 
Sv 0 ,v,,-,v^-»®, $qj|iXHH£jftie[/], (v,.,,v,)^^Wl”j3i(m 

l&ftJ^v w Sdv, JiW^rftJttM), WJISvo.v,,—,v,^—ilM—x* Sifter Eft i£*!& 

(DAG) DAG M'frW-'NMtBS (sEA 

J®) (sE*d&). &— 14®#®i*NM@* i FfflG = (K,£)'K inft|£| = |K|-iB. 

--NtiJ# (sEA®) (sE^hfo) WWl®W. It t 4 l 

iHJ* (sEA®) a®, (^hlft) 

EftWftJ&&®§'Ji£*g (sEAMS^iiJi*i£)3i£). 


/J\ 


G=(F, £)£ft$| 5 &$eP$Jlk —t-|Flx|F| 
AAftlftftK lo G EftM?iJ3?l£ 

IFftM^iMhE. 4A+3B i / EftiMftW/rA'JAo 

it# Eh); 


MfflG = (F,£)#£-#3f£ 

«i m&-im c^u-npffeDo itm^MJ 


ft 


Aft 


a if J A iffi & At £ A1A M - A A A E 


se (x£#-a«aek) Wftigi, sj^k^m®*/ 1 h, —^ee&£—' hTffl. 5 ££e 
KM^s^WMEftEse, WL-xmi&Qt'm&mz (^mm^wee*) meKo 
a±wfflui(niJS'a©^®^£as : sA3-nr^ffefl«i (bpg3c>, &j!-^np-^£|sih. 
asw^fe—® np 

• EaG=(K,£)WR*®?«iie (sK«jtaf^«iu»), i-iaa c Eftfw®,sfE)f^ 
KfS (ESfc)o it# Eft £^2 (®g&) Eft-feJt^|F|-i ( \v \)» 

(JUBfr). 


© #.«, ftttst dag «t>. rrftAsi'K.'ij; v#j~#oiW*HSii*»ft («. n-rtim <«-^) wishw. a 


(i®£) >J 2 >aJint-W. ^#|£| = |K|-i 3 SiH 7 *mWt— 14 . 
Jt—ffiw. 


ra* <*&£■«*&#) as«fe«FafrWffl (sj>ia&i& 
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ilW-fi/jVfl-: 


• ®G = (£,£)!&»£& (aJtffl) \£%&v 

it&ftiti (S-tF/fWii)o (aKffl)o 

• SG = (K,£)S<]JPi^aM^-M^W^^'e^. > N£M'!>W—*w 

-^MvAA/W p #§&# NP-^Wa^itiffn|JSJiB»PI«lHa. fijHMftAJftW'h 

g, G, =(K„£,)*PG 2 =(F 2 ,£ 2 ), NM^^-aiX^{^( W )^(v)}^£ 2 ^fft, 

<p:V l —> V 2 , ffif#{M,v}& £, 4'o 


G.2 # 4> xt 


&1.2.4.3W, (1.2.4.11?) ft— 

/ts 7 a xt s scjjitimi w & it & m ig ta m m ? ^ i¥ yy . 

^TffiW3EJSC3RfflinTWiiJQ^rS« 

J§##fi 3 iS^fftj—7uisf£ (ifiAl neg sK#-, A (Wff-fiKAil?-) n’^PfJT 

&< a |P v >. —^iiiGATit. ffl-. <t>^ -.( <p ), ffl (a' =i 6 )IS #(4 a• • • a 4 ) 

fAff a($,$,,•••,$), v 


CNF *P DNFo CNFfi^SflJ/aK^^fi<I#f®lW#®ls 
tt, ( v ;*_, 4 ) m<J A/ =1 CNF, % U£S m 50EttM£ 


& (M#Aj3t^)o ftl£Xif ; HM w iW//**3, M&W&&M'— 1" 3CNFo |W1#, DNF 
ADft3t^W^IRWt/T?Xo 

\ma, MiM 

A'^atrTWflAft. to£#£-#£*;M3M&tt4£r, 
\m<t>& rTWHAS. ffc&5S#*RT9SJ£A<J,. 

olTi^iW CNF (3CNF) SAT (3SAT) * NP-^ 

£I"IJ®. MffifiJSiJ 3 DNF A v 5A, £#^^1# (BPftftjgBtHWatP^^W^) M coNP- 

t\\'!%:<l>Tk$z : f-$t 1 §kx x ,x 2 ,---,x n tf-i : (\i/rs / zz^, Q,Q 2 ,--,Q„ t! ^/K fli is] ( Q% 3 ^ V ), 

mU Q,x , ■■■Q n x n <p(x x ,x 1 ,---,x n ) 

M. — AiA-ftfi A] JTAu. ^ #iJ#P> 3 x i 3x-,Vx 3 ^(x i ,jc 2 ,x 3 ) te 


QBF, £ PSAJTCT-Ai^fft 


mrMJ5C^S?iJmM^^^0UM?Q^, &4 , 0rWWS^tH3&£&5S;*£ii. £-1" 
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^•5^ c t , ^ y h^mnTS'ffi^'fiHl: / f-t($n(VAr l )(3Ar 2 )(x l = *,)a(3* 3 )(x 3 = *,) ) 

a®: 5.15 fnjgi 9.4 rmi^) “B 

(#P Vx,3jc 2 3x 3 ((x, = -^2) A (*^3 = *i)) 
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|B] 
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gi>^J d) ±(ft cM 

{i.x,-,^- 1 } ). «±, w«^^Mnj*i,x,-,jc rf -', #j^jb££«V 
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• 
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v<Vi y 
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(fl) Mwm&, mmftpifi- 
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ft * *n it % s & it m ± m vr t mm ). 


474 



[1] s. Aaronson. Complexity Zoo. A continueously updated Web site at http:// 
qwiki.caltech.edu/wiki/Complexity_Zoo/. 

[2] L. M. Adleman and M. Huang. Primality Testing and Abelian Varieties Over Finite Fields. 
Springer-Verlag Lecture Notes in Computer Science (Vol. 1512), 1992. Preliminary version 
in 19th STOC , 1987. 

[3] M. Agrawal, N. Kayal, and N. Saxena. PRIMES Is in P. Annals of Mathematics , Vol. 160 (2), 
pages 781-793, 2004. 

[4] M. Ajtai, J. Komlos, and E. Szemeredi. Deterministic Simulation in LogSpace. In 19th ACM 
Symposium on the Theory of Computing , pages 132-140, 1987. 

[5] R. Aleliunas, R. M. Karp, R. J. Lipton, L. Lovasz, and C. Rackoff. Random Walks, Universal 
Traversal Sequences, and the Complexity of Maze Problems. In 20th IEEE Symposium on 
Foundations of Computer Science , pages 218-223, 1979. 

[6] N. Alon, L. Babai, and A. Itai. A Fast and Simple Randomized Algorithm for the Maximal 
Independent Set Problem. J. of Algorithms, Vol. 7, pages 567-583, 1986. 

[7] N. Alon and R. Boppana. The Monotone Circuit Complexity of Boolean Functions. Combi- 
natorica , Vol. 7(1), pages 1-22, 1987. 

[8] N. Alon, J. Bruck, J. Naor, M. Naor, and R. Roth. Construction of Asymptotically Good, 
Low-Rate Error-Correcting Codes Through Pseudo-Random Graphs. IEEE Transactions on 
Information Theory , Vol. 38, pages 509-516, 1992. 

[9] N. Alon, E. Fischer, I. Newman, and A. Shapira. A Combinatorial Characterization of the 
Testable Graph Properties: It’s All About Regularity. In 38th ACM Symposium on the Theory 
of Computing , pages 251-260, 2006. 

[10] N. Alon, O. Goldreich, J. H&stad, and R. Peralta. Simple Constructions of Almost A>wise 
Independent Random Variables. Journal of Random Structures and Algorithms , Vol. 3 (3), 
pages 289-304, 1992. Preliminary version in 31st FOCS, 1990. 

[11] N. Alon and J. H. Spencer. The Probabilistic Method. John Wiley & Sons, 1992. Second 
edition 2000. 

[12] R. Armoni. On the Derandomization of Space-Bounded Computations. In the proceedings of 
Random98 y Springer-Verlag Lecture Notes in Computer Science (Vol. 1518), pages 49-57, 
1998. 

[13] S. Arora. Approximation Schemes for NP-Hard Geometric Optimization Problems: A Survey. 
Math. Programming , Vol. 97, pages 43-69, July 2003. 

[14] S. Arora and B. Barak. Complexity Theory: A Modern Approach. Cambridge University 
Press, forthcoming. 

[15] S. Arora, C. Lund, R. Motwani, M. Sudan, and M. Szegedy. Proof Verification and In¬ 
tractability of Approximation Problems. Journal of the ACM , Vol. 45, pages 501-555, 1998. 
Preliminary version in 33rd FOCS, 1992. 

[16] S. Arora and S. Safra. Probabilistic Checkable Proofs: A New Characterization of NP. 
Journal of the ACM , Vol. 45, pages 70-122, 1998. Preliminary version in 33rd FOCS , 
1992. 

[17] H. Attiya and J. Welch. Distributed Computing: Fundamentals, Simulations and Advanced 
Topics. McGraw-Hill, 1998. 

[18] L. Babai. Trading Group Theory for Randomness. In 17th ACM Symposium on the Theory 
of Computing , pages 421-429, 1985. 




[19] L. Babai. Random Oracles Separate PSPACE from the Polynomial-Time Hierarchy. Infor¬ 
mation Processing Letters , Vol. 26, pages 51-53, 1987. 

[20] L. Babai, L. Fortnow, L. Levin, and M. Szegedy. Checking Computations in Polylogarithmic 
Time. In 23rd ACM Symposium on the Theory of Computing, pages 21-31, 1991. 

[21] L. Babai, L. Fortnow, and C. Lund, Non-Deterministic Exponential Time Has Two-Prover 
Interactive Protocols. Computational Complexity , Vol. 1 (1), pages 3—40, 1991. Preliminary 
version in 31st FOCS , 1990. 

[22] L. Babai, L. Fortnow, N. Nisan, and A. Wigderson. BPP Has Subexponential Time Simula¬ 
tions Unless EXPTIME Has Publishable Proofs. Complexity Theory , Vol. 3, pages 307-318, 
1993. 

[23] L. Babai and S. Moran. Arthur-Merlin Games: A Randomized Proof System and a Hierarchy 
of Complexity Classes. Journal of Computer and System Science , Vol. 36, pages 254—276, 
1988. 

[24] E. Bach and J. Shallit. Algorithmic Number Theory (Volume I: Efficient Algorithms). MIT 
Press, 1996. 

[25] B. Barak. Non-Black-Box Techniques in Crypptography. Ph.D. thesis, Weizmann Institute 
of Science, 2004. 

[26] W. Baur and V. Strassen. The Complexity of Partial Derivatives. Theor. Comput. Sci. 22, 
pages 317-330, 1983. 

[27] P. Beame and T. Pitassi. Propositional Proof Complexity: Past, Present, and Future. In Bulletin 
of the European Association for Theoretical Computer Science, Vol. 65 (June), pages 66-89, 
1998. 

[28] M. Bellare, O. Goldreich, and E. Petrank. Uniform Generation of NP-Witnesses Using an 
NP-Oracle. Information and Computation, Vol. 163, pages 510-526, 2000. 

[29] M. Bellare, O. Goldreich, and M. Sudan. Free Bits, PCPs and Non-Approximability- Towards 
Tight Results. SIAM Journal on Computing, Vol. 27 (3), pages 804—915, 1998. Extended 
abstract in 36th FOCS , 1995. 

[30] S. Ben-David, B. Chor, O. Goldreich, and M. Luby. On the Theory of Average Case Com¬ 
plexity. Journal of Computer and System Science , Vol. 44 (2), pages 193-219, 1992. 

[31] A. Ben-Dor and S. Halevi. In 2nd Israel Symp. on Theory of Computing and Systems, IEEE 
Computer Society Press, pages 108-117, 1993. 

[32] M. Ben-Or, O. Goldreich, S. Goldwasser, J. H&astad, J. Kilian, S. Micali, and P. Rogaway. 
Everything Provable Is Probable in Zero-Knowledge. In Crypto88, Springer-Verlag Lecture 
Notes in Computer Science (Vol. 403), pages 37-56, 1990. 

[33] M. Ben-Or, S. Goldwasser, J. Kilian, and A. Wigderson. Multi-Prover Interactive Proofs: 
How to Remove Intractability. In 20th ACM Symposium on the Theory of Computing, pages 
113-131, 1988. 

[34] M. Ben-Or, S. Goldwasser, and A. Wigderson. Completeness Theorems for Non- 
Cryptographic Fault-Tolerant Distributed Computation. In 20th ACM Symposium on the 
Theory of Computing, pages l-l 0, 1988. 

[35] E. Ben-Sasson, O. Goldreich, P. Harsha, M. Sudan, and S. Vadhan. Robust PCPs of Proximity, 
Shorter PCPs, and Applications to Coding. SIAM Journal on Computing , Vol. 36 (4), pages 
889-974, 2006. Extended abstract in 36th STOC, 2004. 

[36] E. Ben-Sasson and M. Sudan. Simple PCPs with Poly-log Rate and Query Complexity. In 
37th ACM Symposium on the Theory of Computing, pages 266-275, 2005. 

[37] L. Berman and J. Hartmanis. On Isomorphisms and Density of NP and Other Complete Sets. 
SIAM Journal on Computing, Vol. 6 (2), 1977, pages 305-322. 

[38] M. Blum. A Machine-Independent Theory of the Complexity of Recursive Functions. Journal 
of the ACM, Vol. 14 (2), pages 290-305, 1967. 

[39] M. Blum and S. Kannan. Designing Programs That Check Their Work. In 21st ACM Sym¬ 
posium on the Theory of Computing, pages 86-97, 1989. 

[40] M. Blum, M. Luby, and R. Rubinfeld. Self-Testing/Correcting with Applications to Nu¬ 
merical Problems. Journal of Computer and System Science , Vol. 47 (3), pages 549-595, 
1993. 

[41] M. Blum and S. Micali. How to Generate Cryptographically Strong Sequences of Pseudo- 
Random Bits. SIAM Journal on Computing, Vol. 13, pages 850-864, 1984. Preliminary 
version in 23rd FOCS, 1982. 

[42] A. Bogdanov, K. Obata, and L. Trevisan. A Lower Bound for Testing 3-Colorability in 
Bounded-Degree Graphs. In 43rd IEEE Symposium on Foundations of Computer Science, 
pages 93-102, 2002. 


476 



[43] A. Bogdanov and L. Trevisan. On Worst-Case to Average-Case Reductions for NP Problems. 
SIAM Journal on Computing , Vol. 36 (4), pages 1119-1159, 2006. Extended abstract in 44th 
FOCS, 2003. 

[44] A. Bogdanov and L. Trevisan. Average-Case Complexity. Foundations and Trends in Theo¬ 
retical Computer Science , Vol. 2(1), 2006. 

[45] R. Boppana, J. H&stad, and S. Zachos. Does Co-NP Have Short Interactive Proofs? Informa¬ 
tion Processing Letters, Vol. 25 (May), pages 127-132, 1987. 

[46] R. Boppana and M. Sipser. The Complexity of Finite Functions. In Handbook of Theoretical 
Computer Science: Volume A - Algorithms and Complexity , J. van Leeuwen (ed.), MIT 
Press/Elsevier, pages 757-804, 1990. 

[47] A. Borodin. Computational Complexity and the Existence of Complexity Gaps. Journal of 
the ACM, Vol. 19 (1), pages 158-174, 1972. 

[48] A. Borodin. On Relating Time and Space to Size and Depth. SIAM Journal on Computing, 
Vol. 6 (4), pages 733-744, 1977. 

[49] G. Brassard, D. Chaum, and C. Crepeau. Minimum Disclosure Proofs of Knowledge. Journal 
of Computer and System Science , Vol. 37 (2), pages 156-189, 1988. Preliminary version by 
Brassard and Crepeau in 27th FOCS , 1986. 

[50] L. Carter and M. Wegman. Universal Hash Functions. Journal of Computer and System 
Science, Vol. 18, pages 143-154, 1979. 

[51] G. J. Chaitin. On the Length of Programs for Computing Finite Binary Sequences. Journal 
of the ACM, Vol. 13, pages 547-570, 1966. 

[52] A. K. Chandra, D. C. Kozen, and L. J. Stockmeyer. Alternation. Journal of the ACM, Vol. 28, 
pages 114-133, 1981. 

[53] D. Chaum, C. Crepeau, and I. Damg&rd. Multi-party Unconditionally Secure Protocols. In 
20th ACM Symposium on the Theory of Computing, pages 11-19, 1988. 

[54] B. Chor and O. Goldreich. On the Power of Two-Point Based Sampling. Jour, of Complexity, 
Vol. 5, pages 96-106, 1989. Preliminary version dates 1985. 

[55] A. Church. An Unsolvable Problem ofElementary Number Theory. Amer. J. of Math., Vol. 58, 
pages 345-363, 1936. 

[56] N. Creignou, S. Khanna, and M. Sudan. Complexity Classifications of Boolean Constraint 
Satisfaction Problems. SIAM Monographs on Discrete Mathematics and Applications, 2001. 

[57] A. Cobham. The lntristic Computational Difficulty of Functions. In Proc. 1964 Iternational 
Congress for Logic Methodology and Philosophy of Science, pages 24-30, 1964. 

[58] S. A. Cook. The Complexity of Theorem Proving Procedures. In 3rd ACM Symposium on 
the Theory of Computing, pages 151-158, 1971. 

[59] S. A. Cook. An Overview of Computational Complexity. Turing Award Lecture. CACM, 
Vol. 26 (6), pages 401-408, 1983. 

[60] S. A. Cook. A Taxonomy of Problems with Fast Parallel Algorithms. Information and Control, 
Vol. 64, pages 2-22, 1985. 

[61] S. A. Cook and R. A. Reckhow. The Relative Efficiency of Propositional Proof Systems. J. 
of Symbolic Logic, Vol. 44 (1), pages 36-50, 1979. 

[62] D. Coppersmith and S. Winograd. Matrix Multiplication via Arithmetic Progressions. Journal 
of Symbolic Computation, Vol. 9, pages 251-280, 1990. 

[63] T. M. Cover and G. A. Thomas. Elements of Information Theory. John Wiley & Sons, 1991. 

[64] P. Crescenzi and V. Kann. A Compendium of NP Optimization problems. Available at 
http : //www. nada . kth . se/~viggo/wwwcompendium/ 

[65] R. A. DeMillo and R. J. Lipton. A Probabilistic Remark on Algebraic Program Testing. 
Information Processing Letters, Vol. 7 (4), pages 193-195, 1978. 

[66] W. Diffie and M. E. Heilman. New Directions in Cryptography. IEEE Transactions on 
Information Theory, IT-22 (Nov.), pages 644-654, 1976. 

[67] I. Dinur. The PCP Theorem by Gap Amplification. In 38th ACM Symposium on the Theory 
of Computing, pages 241-250, 2006. 

[68] I. Dinur and O. Reingold. Assignment-Testers: Towards a Combinatorial Proof of the PCP- 
Theorem. SIAM Journal on Computing, Vol. 36 (4), pages 975-1024,2006. Extended abstract 
in 45th FOCS, 2004. 

[69] I. Dinur and S. Saffa. The Importance of Being Biased. In 34th ACM Symposium on the 
Theory of Computing, pages 33—42, 2002. 

[70] J. Edmonds. Paths, Trees, and Flowers. Canad. J. Math., Vol. 17, pages 449—467, 1965. 

[71] S. Even. Graph Algorithms. Computer Science Press, 1979. 

[72] S. Even, A. L. Selman, and Y. Yacobi. The Complexity of Promise Problems with Ap¬ 
plications to Public-Key Cryptography. Information and Control, Vol. 61, pages 159-173, 
1984. 





[73] U. Feige, S. Goldwasser, L. Lovasz, and S. Safra. On the Complexity of Approximating the 
Maximum Size of a Clique. Unpublished manuscript, 1990. 

[74] U. Feige, S. Goldwasser, L. Lovasz, S. Safra, and M. Szegedy. Approximating Clique is 
Almost NP-Complete. Journal of the ACM , Vol. 43, pages 268-292, 1996. Preliminary 
version in 32nd FOCS , 1991. 

[75] U. Feige, D. Lapidot, and A. Shamir. Multiple Non-Interactive Zero-Knowledge Proofs 
Under General Assumptions. SIAM Journal on Computing , Vol. 29 (1), pages 1-28, 1999. 
Preliminary version in 31st FOCS, 1990. 

[76] U. Feige and A. Shamir. Witness Indistinguishability and Witness Hiding Protocols. In 22nd 
ACM Symposium on the Theory of Computing , pages 416-426, 1990. 

[77] E. Fischer. The Art of Uninformed Decisions: A Primer to Property Testing. Bulletin of the 
European Association for Theoretical Computer Science, Vol. 75, pages 97—126, 2001. 

[78] G. D. Forney. Concatenated Codes. MIT Press, 1966. 

[79] L. Fortnow, R. Lipton, D. van Melkebeek, and A. Viglas. Time-Space Lower Bounds for 
Satisfiability. Journal of the ACM, Vol. 52 (6), pages 835-865, 2005. 

[80] L. Fortnow, J. Rompel, and M. Sipser. On the Power of Multi-Prover Interactive Protocols. 

In 3rd IEEE Symp. on Structure in Complexity Theory, pages 156-161, 1988. See errata in 
5th IEEE Symp. on Structure in Complexity Theory, pages 318-319, 1990. 

[81] S. Fortune. A Note on Sparse Complete Sets. SIAM Journal on Computing, Vol. 8, pages 
431-433,1979. 

[82] M. Fiirer, O. Goldreich, Y. Mansour, M. Sipser, and S. Zachos. On Completeness and 
Soundness in Interactive Proof Systems. Advances in Computing Research: A Research 
Annual, Vol. 5 (Randomness and Computation, S. Micali, ed.), pages 429-442, 1989. 

[83] M. L. Furst, J. B. Saxe, and M. Sipser. Parity, Circuits, and the Polynomial-Time Hierarchy. 
Mathematical Systems Theory , Vol. 17 (1), pages 13-27, 1984. Preliminary version in 22nd 
FOCS , 1981. 

[84] O. Gabber and Z. Galil. Explicit Constructions of Linear Size Superconcentrators. Journal 
of Computer and System Science, Vol. 22, pages 407-420, 1981. 

[85] M. R. Garey and D. S. Johnson. Computers and Intractability: A Guide to the Theory of 
NP-Completeness. W. H. Freeman, 1979. 

[86] J. von zur Gathen. Algebraic Complexity Theory. Ann. Rev. Comput. Sci ., Vol. 3, pages 
317-347, 1988. 

[87] O. Goldreich. Foundation of Cryptography - Class Notes. Computer Science Dept., Technion, 
Israel, Spring 1989. Superseded by [91,92]. 

[88] O. Goldreich. A Note on Computational Indistinguishability. Information Processing Letters, 
Vol. 34 (May), pages 277-281, 1990. 

[89] O. Goldreich. Notes on Levin’s Theory of Average-Case Complexity. ECCC, TR97-058, 
1997. 

[90] O. Goldreich. Modem Cryptography, Probabilistic Proofs and Pseudorandomness. Algo¬ 
rithms and Combinatorics Series (Vol. 17), Springer, 1999. 

[91] O. Goldreich. Foundation of Cryptography: Basic Tools. Cambridge University Press, 2001. 

[92] O. Goldreich. Foundation of Cryptography: Basic Applications. Cambridge University Press, 

2004. ‘ 

[93] O. Goldreich. Short Locally Testable Codes and Proofs (Survey). ECCC , TR05-014, 2005. 

[94] O. Goldreich. On Promise Problems (a survey in memory of Shimon Even [1935-2004]). 
ECCC, TR05-018, 2005. 

[95] O. Goldreich, S. Goldwasser, and S. Micali. How to Construct Random Functions. Journal 
of the ACM, Vol. 33 (4), pages 792-807, 1986. 

[96] O. Goldreich, S. Goldwasser, and A. Nussboim. On the Implementation of Huge Random 
Objects. In 44 th IEEE Symposium on Foundations of Computer Science, pages 68-79, 2003. 

[97] O. Goldreich, S. Goldwasser, and D. Ron. Property Testing and Its Connection to Learning 
and Approximation. Journal of the ACM, pages 653-750, July 1998. Extended abstract in 
37th FOCS, 1996. 

[98] O. Goldreich and H. Krawczyk. On the Composition of Zero-Knowledge Proof Systems. 
SIAM Journal on Computing , Vol. 25 (1), pages 169-192, 1996. Preliminary version in 17th 
ICALP, 1990. 

[99] O. Goldreich and L.A. Levin. Hard-Core Predicates for Any One-Way Function. In 21st 
ACM Symposium on the Theory of Computing, pages 25-32, 1989. 


478 


[100] O. Goldreich, S. Micali, and A. Wigderson. Proofs That Yield Nothing but Their Validity 
or All Languages in NP Have Zero-Know ledge Proof Systems. Journal of the ACM , Vol. 38 
(3), pages 691-729, 1991. Preliminary version in 27th FOCS , 1986. 

[101] O. Goldreich, S. Micali, and A. Wigderson. How to Play Any Mental Game - A Completeness 
Theorem for Protocols with Honest Majority. In 19th ACM Symposium on the Theory of 
Computing, pages 218—229, 1987. 

[102] O. Goldreich, N. Nisan, and A. Wigderson. On Yao’s XOR-Lemma. ECCC, TR95-050,1995. 

[103] O. Goldreich and D. Ron. Property Testing in Bounded Degree Graphs. Algorithmica , pages 
302-343, 2002. Extended abstract in 29th STOC , 1997. 

[104] O. Goldreich and D. Ron. A Sublinear Bipartite Tester for Bounded Degree Graphs. Combi- 
natorica , Vol. 19 (3), pages 335-373, 1999. Extended abstract in 30th STOC , 1998. 

[105] O. Goldreich, R. Rubinfeld, and M. Sudan. Learning Polynomials with Queries: The Highly 
Noisy Case. SIAM J. Discrete Math., Vol. 13 (4), pages 535-570, 2000. 

[106] O. Goldreich, S. Vadhan, and A. Wigderson. On Interactive Proofs with a Laconic Provers. 
Computational Complexity , Vol. 11, pages 1-53, 2002. 

[107] O. Goldreich and A. Wigderson. Computational Complexity. In The Princeton Companion 
to Mathematics , forthcoming. 

[108] S. Goldwasser and S. Micali. Probabilistic Encryption. Journal of Computer and System 
Science , Vol. 28 (2), pages 270-299, 1984. Preliminary version in Nth STOC , 1982. 

[109] S. Goldwasser, S. Micali, and C. Rackoff. The Knowledge Complexity of Interactive Proof 
Systems. SIAM Journal on Computing , Vol. 18, pages 186-208, 1989. Preliminary version 
in 17th STOC , 1985. Earlier versions date to 1982. 

[110] S. Goldwasser, S. Micali, and R. L. Rivest. A Digital Signature Scheme Secure Against 
Adaptive Chosen-Message Attacks. SIAM Journal on Computing , Vol. 17, pages 281-308, 
1988. 

[111] S. Goldwasser and M. Sipser. Private Coins Versus Public Coins in Interactive Proof Systems. 
Advances in Computing Research: A Research Annual , Vol. 5 (Randomness and Computa¬ 
tion, S. Micali, ed.), pages 73-90, 1989. Extended abstract in 18th STOC , 1986. 

[112] S. W. Golomb. Shift Register Sequences. Holden-Day, 1967. (Aegean Park Press, revised 
edition, 1982.) 

[113] V Guruswami, C. Umans, and S. Vadhan. Unbalanced Expanders and Randomness Extractors 
from Parvaresh-Vardy Codes. In 22ndIEEE Conference on Computational Complexity , pages 
96-108, 2007. 

[114] J. Hartmanis and R. E. Steams. On the Computational Complexity of Algorithms. Transac¬ 
tions of the AMS, Vol. 117, pages 285-306, 1965. 

[115] J. H§astad. Almost Optimal Lower Bounds for Small Depth Circuits. Advances in Computing 
Research: A Research Annual , Vol. 5 (Randomness and Computation, S. Micali, ed.), pages 
143-170, 1989. Extended abstract in 18th STOC , 1986. 

[116] J. H&astad. Clique Is Hard to Approximate Within n 1_f . Acta Mathematica, Vol. 182, pages 
105-142, 1999. Preliminary versions in 28th STOC (1996) and 37th FOCS (1996). 

[117] J. H&astad. Getting Optimal In-Approximability Results. Journal of the ACM , Vol. 48, pages 
798-859, 2001. Extended abstract in 29th STOC, 1997. 

[118] J. H&astad, R. Impagliazzo, L. A. Levin, and M. Luby. A Pseudorandom Generator from 
Any One-way Function. SIAM Journal on Computing , Vol. 28 (4), pages 1364—1396, 1999. 
Preliminary versions by Impagliazzo et al. in 21st STOC (1989) and H&astad in 22nd STOC 
(1990). 

[119] J. H&astad and S. Kliot. Query Efficient PCPs with Pefect Completeness. In 42nd IEEE 
Symposium on Foundations of Computer Science , pages 610—619, 2001. 

[ 120] A. Healy. Randomness-Efficient Sampling Within NCI. Computational Complexity , in press. 
Preliminary version in 10th RANDOM , 2006. 

[121] A. Healy, S. Vadhan, and E. Viola. Using Nondeterminism to Amplify Hardness. SIAM 
Journal on Computing , Vol. 35 (4), pages 903-931, 2006. 

[122] D. Hochbaum (ed.). Approximation Algorithms for NP-Hard Problems. PWS Publishing, 
1996. 

[123] J. E. Hopcroft and J. D. Ullman. Introduction to Automata Theory, Languages and Compu¬ 
tation. Addison-Wesley, 1979. 

[124] S. Hoory, N. Linial, and A. Wigderson. Expander Graphs and Their Applications. Bull. AMS, 
Vol. 43 (4), pages 439-561, 2006. 



il r/ UAfl: 

[125] N. Immerman. Nondeterministic Space Is Closed Under Complementation. SIAM Journal 
on Computing, Vol. 17, pages 760-778, 1988. 

[126] R. Impagliazzo. Hard-Core Distributions for Somewhat Hard Problems. In 36th IEEE Sym¬ 
posium on Foundations of Computer Science, pages 538-545, 1995. 

[127] R. Impagliazzo and L. A. Levin. No Better Ways to Generate Hard NP Instances Than Picking 
Uniformly at Random. In 31st IEEE Symposium on Foundations of Computer Science, pages 
812-821, 1990. 

[128] R. Impagliazzo and A. Wigderson. P = BPP If E Requires Exponential Circuits: Deran¬ 
domizing the XOR Lemma. In 29th ACM Symposium on the Theory of Computing, pages 
220-229, 1997. 

[129] R. Impagliazzo and A. Wigderson. Randomness vs Time: Derandomization under a Uni¬ 
form Assumption. Journal of Computer and System Science, Vol. 63 (4), pages 672-688, 
2001. 

[130] R. Impagliazzo and M. Yung. Direct Zero-Knowledge Computations. In Crypto87 , Springer- 
Verlag Lecture Notes in Computer Science (Vol. 293), pages 40-51, 1987. 

[131] M. Jerrum, A. Sinclair, and E. Vigoda. A Polynomial-Time Approximation Algorithm for 
the Permanent of a Matrix with Non-Negative Entries. Journal of the ACM, Vol. 51 (4), pages 
671-697, 2004. 

[132] M. Jerrum, L. Valiant, and V. V. Vazirani. Random Generation of Combinatorial Struc¬ 
tures from a Uniform Distribution. Theoretical Computer Science, Vol. 43, pages 169-188, 
1986. 

[133] B. Juba and M. Sudan. Towards Universal Semantic Communication. ECCC, TR07-084, 
2007. 

[134] V Kabanets and R. Impagliazzo. Derandomizing Polynomial Identity Tests Means Proving 
Circuit Lower Bounds. Computational Complexity , Vol. 13, pages 1-46, 2004. Preliminary 
version in 35th STOC , 2003. 

[135] N. Kahale. Eigenvalues and Expansion of Regular Graphs. Journal of the ACM, Vol. 42 (5), 
pages 1091-1106, 1995. 

[136] R. Kannan, H. Venkateswaran, V. Vinay, and A. C. Yao. A Circuit-Based Proof of Toda’s 
Theorem. Information and Computation , Vol. 104 (2), pages 271-276, 1993. 

[137] M. Karchmer and A. Wigderson. Monotone Circuits for Connectivity Require Super- 
logarithmic Depth. SIAM J. Discrete Math., Vol. 3 (2), pages 255-265, 1990. Preliminary 
version in 20th STOC, 1988. 

[138] R. M. Karp. Reducibility Among Combinatorial Problems. In Complexity of Computer 
Computations, R. E. Miller and J. W. Thatcher (eds.), Plenum Press, pages 85-103, 
1972. 

[139] R. M. Karp and R. J. Lipton. Some Connections Between Nonuniform and Uniform Com¬ 
plexity Classes. In 12th ACM Symposium on the Theory of Computing, pages 302-309, 
1980. 

[140] R. M. Karp and M. Luby. Monte-Carlo Algorithms for Enumeration and Reliability Problems. 
In 24th IEEE Symposium on Foundations of Computer Science, pages 56-64, 1983. 

[141] R. M. Karp and V Ramachandran. Parallel Algorithms for Shared-Memory Machines. In 
Handbook of Theoretical Computer Science, Volume A: Algorithms and Complexity, J. van 
Leeuwen (ed.), MIT Press/Elsevier, pages 869-942, 1990. 

[142] M. J. Kearns and U. V. Vazirani. An Introduction to Computational Learning Theory. MIT 
Press, 1994. 

[143] S. Khot and O. Regev. Vertex Cover Might Be Hard to Approximate to Within 2 — e. In 18th 
IEEE Conference on Computational Complexity, pages 379-386, 2003. 

[144] V. M. Khrapchenko. A Method of Determining Lower Bounds for the Complexity of Pi- 
Schemes. In Matematicheskie Zametki, Vol. 10(1), pages 83-92, 1971 (in Russian). English 
translation in Mathematical Notes of the Academy of Sciences of the USSR, Vol. 10(1), pages 
474-479, 1971. 

[145] J. Kilian. A Note on Efficient Zero-Knowledge Proofs and Arguments. In 24th ACM Sympo¬ 
sium on the Theory of Computing, pages 723-732, 1992. 

[146] D. E. Knuth. The Art of Computer Programming, Vol. 2 ( Seminumerical Algorithms). 
Addison-Wesley, 1969 (first edition) and 1981 (second edition). 

[147] A. Kolmogorov. Three Approaches to the Concept of “The Amount of Information.” Probl. 
of Inform. Trans m., Vol. 1 (1), 1965. 

[148] E. Kushilevitz and N. Nisan. Communication Complexity. Cambridge University Press, 1996. 


480 




[149] R. E. Ladner. On the Structure of Polynomial Time Reducibility. Journal of the ACM, Vol. 22, 
1975, pages 155-171. 

[150] C. Lautemann. BPP and the Polynomial Hierarchy. Information Processing Letters, Vol. 17, 
pages 215—217,1983. 

[151] F.T. Leighton. Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hyper¬ 
cubes. Morgan Kaufmann Publishers, San Mateo, CA, 1992. 

[152] L. A. Levin. Universal Search Problems. Problemy Peredaci Informacii 9 , pages 115-116, 
1973 (in Russian). English translation in Problems of Information Transmission 9, pages 
265-266. A better English translation appears in [221]. 

[153] L. A. Levin. Randomness Conservation Inequalities: Information and Independence in Math¬ 
ematical Theories. Information and Control , Vol. 61, pages 15-37, 1984. 

[154] L. A. Levin. Average Case Complete Problems. SIAM Journal on Computing, Vol. 15, pages 
285-286, 1986. 

[155] L. A. Levin. Fundamentals of Computing. SIGACT News , Education Forum, special 100th 
issue, Vol. 27 (3), pages 89-110, 1996. 

[156] M. Li and P. Vitanyi. An Introduction to Kolmogorov Complexity and Its Applications. 
Springer Verlag, August 1993. 

[157] R. J. Lipton. New Directions in Testing. Distributed Computing and Cryptography, J. Feigen- 
baum and M. Merritt (eds.), DIM ACS Series in Discrete Mathematics and Theoretical Com¬ 
puter Science, American Mathematics Society, Vol. 2, pages 191-202, 1991. 

[158] N. Livne. All Natural NPC Problems Have Average-Case Complete Versions. ECCC , TR06- 
122, 2006. 

[159] C.-J. Lu, O. Reingold, S. Vadhan, and A. Wigderson. Extractors: Optimal up to Constant 
Factors. In 35th ACM Symposium on the Theory of Computing , pages 602-611, 2003. 

[160] A. Lubotzky, R. Phillips, and P. Samak. Ramanujan Graphs. Combinatorica , Vol. 8, pages 
261-277, 1988. 

[161] M. Luby and A. Wigderson. Pairwise Independence and Derandomization. Foundations and 
Trends in Theoretical Computer Science , Vol. (4), 2005. Preliminary version: TR-95-035, 
ICS1, Berkeley, 1995. 

[162] C. Lund, L. Fortnow, H. Karloff, and N. Nisan. Algebraic Methods for Interactive Proof 
Systems. Journal of the ACM, Vol. 39 (4), pages 859-868, 1992. Preliminary version in 31st 
FOCS, 1990. 

[163] F. Mac Williams andN. Sloane. The Theory of Error-Correcting Codes. North-Holland, 1981. 

[164] G. A. Margulis. Explicit Construction of Concentrators. Prob. Per. Infor., Vol. 9 (4), pages 
71-80, 1973 (in Russian). English translation in Problems of Infor. Trans., pages 325-332, 
1975. 

[165] S. Micali. Computationally Sound Proofs. SIAM Journal on Computing , Vol. 30 (4), pages 
1253-1298, 2000. Preliminary version in 35th FOCS, 1994. 

[166] G. L. Miller. Riemann’s Hypothesis and Tests for Primality. Journal of Computer and System 
Science, Vol. 13, pages 300-317, 1976. 

[ 167] P. B. Miltersen and N. V. Vinodchandran. Derandomizing Arthur-Merlin Games Using Hitting 
Sets. Computational Complexity, Vol. 14 (3), pages 256-279, 2005. Preliminary version in 
40th FOCS, 1999. 

[168] R. Motwani and P. Raghavan. Randomized Algorithms. Cambridge University Press, 1995. 

[169] M. Naor. Bit Commitment Using Pseudorandom Generators. Journal of Cryptology, Vol. 4, 
pages 151-158, 1991. 

[170] J. Naor and M. Naor. Small-Bias Probability Spaces: Efficient Constructions and Applica¬ 
tions. SIAM Journal on Computing , Vol. 22, pages 838-856, 1993. Preliminary version in 
22nd STOC, 1990. 

[171] M. Naor and M. Yung. Universal One-Way Hash Functions and Their Cryptographic Appli¬ 
cation. In 21st ACM Symposium on the Theory of Computing, pages 33-43, 1989. 

[172] M. Nguyen, S. J. Ong, and S. Vadhan. Statistical Zero-Knowledge Arguments for NP from 
Any One-Way Function. In 47th IEEE Symposium on Foundations of Computer Science, 
pages 3-14, 2006. 

[173] N. Nisan. Pseudorandom Bits for Constant Depth Circuits. Combinatorica, Vol. 11 (1), pages 
63-70, 1991. 

[174] N. Nisan. Pseudorandom Generators for Space Bounded Computation. Combinatorica, 
Vol. 12 (4), pages 449-461, 1992. Preliminary version in 22nd STOC, 1990. 


481 


u r/ u/jvn 

[175] N. Nisan. UC<ZSC. Computational Complexity , Vol. 4, pages 1-11, 1994. Preliminary 
version in 24th STOC, 1992. 

[176] N. Nisan and A. Wigderson. Hardness vs Randomness. Journal of Computer and System 
Science, Vol. 49 (2), pages 149-167, 1994. Preliminary version in 29th FOCS , 1988. 

[177] N. Nisan and D. Zuckerman. Randomness Is Linear in Space. Journal of Computer and 
System Science , Vol. 52 (1), pages 43-52, 1996. Preliminary version in 25th STOC, 1993. 

[178] C. H. Papadimitriou. Computational Complexity. Addison Wesley, 1994. 

[179] C. H. Papadimitriou and M. Yannakakis. Optimization, Approximation, and Complexity 
Classes. In 20th ACM Symposium on the Theory of Computing, pages 229-234, 1988. 

[180] N. Pippenger and M. J. Fischer. Relations Among Complexity Measures. Journal of the 
ACM , Vol. 26 (2), pages 361-381, 1979. 

[181] E. Post. A Variant of a Recursively Unsolvable Problem. Bull. AMS , Vol. 52, pages 264-268, 
1946. 

[182] M. O. Rabin. Digitalized Signatures. In Foundations of Secure Computation (R. A. DeMillo 
et al. eds.), Academic Press, 1977. 

[183] M. O. Rabin. Digitalized Signatures and Public Key Functions as Intractable as Factoring. 
MIT/LCS/TR-212, 1979. 

[184] M. O. Rabin. Probabilistic Algorithm for Testing Primality. Journal of Number Theory , 
Vol. 12, pages 128-138, 1980. 

[185] R. Raz. A Parallel Repetition Theorem. SIAM Journal on Computing , Vol. 27 (3), pages 
763-803, 1998. Extended abstract in 27th STOC , 1995. 

[186] R. Raz and A. Wigderson. Monotone Circuits for Matching Require Linear Depth. Journal 
of the ACM, Vol. 39 (3), pages 736-744, 1992. Preliminary version in 22nd STOC, 1990. 

[187] A. Razborov. Lower Bounds for the Monotone Complexity of some Boolean Functions. In 
Doklady Akademii Nauk SSSR, Vol. 281 (4), pages 798-801, 1985 (in Russian). English 
translation in Soviet Math. Doklady, Vol. 31, pages 354-357, 1985. 

[ 188] A. Razborov. Lower Bounds on the Size of Bounded-Depth Networks over a Complete Basis 
with Logical Addition. In Matematicheskie Zametki , Vol. 41 (4), pages 598-607, 1987 (in 
Russian). English translation in Mathematical Notes of the Academy of Sci. of the USSR, 
Vol. 41 (4), pages 333-338, 1987. 

[189] A. R. Razborov and S. Rudich. Natural Proofs. Journal of Computer and System Science , 
Vol. 55 (1), pages 24-35, 1997. Preliminary version in 26th STOC, 1994. 

[190] O. Reingold. Undirected ST-Connectivity in Log-Space. In 37th ACM Symposium on the 
Theory of Computing, pages 376-385, 2005. 

[191] O. Reingold, S. Vadhan, and A. Wigderson. Entropy Waves, the Zig-Zag Graph Product, 
and New Constant-Degree Expanders and Extractors. Annals of Mathematics, Vol. 155 (1), 
pages 157-187, 2001. Preliminary version in 41st FOCS, pages 3-13, 2000. 

[192] H. G. Rice. Classes of Recursively Enumerable Sets and Their Decision Problems. Trans. 
AMS, Vol. 89, pages 25-59, 1953. 

[193] R. L. Rivest, A. Shamir, and L. M. Adleman. A Method for Obtaining Digital Signatures and 
Public Key Cryptosystems. CACM, Vol. 21 (Feb.), pages 120-126, 1978. 

[194] D. Ron. Property Testing. In Handbook on Randomization, Volume 2, S. Rajasekaran, 
P. M. Pardalos, J. H. Reif, and J. D. P. Rolim (eds.), pages 597-649, 2001. 

[195] R. Rubinfeld and M. Sudan. Robust Characterization of Polynomials with Applications to 
Program Testing. SIAM Journal on Computing , Vol. 25 (2), pages 252-271, 1996. 

[196] M. Saks and S. Zhou. BPj_j SPACER C DSPACE(S 3/2 ). Journal of Computer and System 
Science, Vol. 58 (2), pages 376-403, 1999. Preliminary version in 36th FOCS, 1995. 

[ 197] W. J. Savitch. Relationships Between Nondeterministic and Deterministic Tape Complexities. 
Journal of Computer and System Science, Vol. 4 (2), pages 177-192, 1970. 

[198] A. Selman. On the Structure ofNP. Notices Amer. Math. Soc ., Vol. 21 (6), page 310, 1974. 

[ 199] J. T. Schwartz. Fast Probabilistic Algorithms for Verification of Polynomial Identities. Journal 
of the ACM, Vol. 27 (4), pages 701-717, October 1980. 

[200] R. Shaltiel. Recent Developments in Explicit Constructions of Extractors. In Current Trends 
in Theoretical Computer Science: The Challenge of the New Century, Vol. 1: Algorithms 
and Complexity, G. Paun, G. Rozenberg, and A. Salomaa (eds.). World Scientific, 2004. 
Preliminary version in Bulletin of the EATCS 77, pages 67-95, 2002. 

[201] R. Shaltiel and C. Umans. Simple Extractors for All Min-Entropies and a New Pseudo- 
Random Generator. In 42nd IEEE Symposium on Foundations of Computer Science , pages 
648-657,2001. 


482 




[202] A. Shamir. IP = PSPACE. Journal of the ACM, Vol. 39 (4), pages 869-877,1992. Preliminary 
version in 31st FOCS, 1990. 

[203] C. E. Shannon. A Symbolic Analysis of Relay and Switching Circuits. Trans. American 
Institute of Electrical Engineers , Vol. 57, pages 713-723, 1938. 

[204] C. E. Shannon. A Mathematical Theory of Communication. Bell Sys. Tech. Jour., Vol. 27, 
pages 623-656, 1948. 

[205] C. E. Shannon. Communication Theory of Secrecy Systems. Bell Sys. Tech. Jour , Vol. 28, 
pages 656-715, 1949. 

[206] A. Shpilka. Lower Bounds for Matrix Product. SIAM Journal on Computing , pages 1185- 
1200, 2003. 

[207] M. Sipser. A Complexity Theoretic Approach to Randomness. In 15th ACM Symposium on 
the Theory of Computing, pages 330-335, 1983. 

[208] M. Sipser. Introduction to the Theory of Computation. PWS Publishing, 1997. 

[209] R. Smolensky. Algebraic Methods in the Theory of Lower Bounds for Boolean Circuit 
Complexity. In 19th ACM Symposium on the Theory of Computing, pages 77-82, 1987. 

[210] R. J. Solomonoff. A Formal Theory of Inductive Inference. Information and Control , Vol. 7 
(1), pages 1-22, 1964. 

[211] R. Solovay and V. Strassen. A Fast Monte-Carlo Test for Primality. SIAM Journal on Com¬ 
puting, Vol. 6, pages 84—85, 1977. Addendum in SIAM Journal on Computing, Vol. 7, page 
118, 1978. 

[212] D. A. Spielman. Advanced Complexity Theory, Lectures 10 and 11. Notes (by D. Lewin 
and S. Vadhan), March 1997. Available from http://www.cs.yale.edu/homes/ 
spielman/AdvComplexity/1998/ as lectio .ps and lectll.ps. 

[213] L. J. Stockmeyer. The Polynomial-Time Hierarchy. Theoretical Computer Science, Vol. 3, 
pages 1-22, 1977. 

[214] L. Stockmeyer. The Complexity of Approximate Counting. In 15th ACM Symposium on the 
Theory of Computing , pages 118-126, 1983. 

[215] V. Strassen. Algebraic Complexity Theory. In Handbook of Theoretical Computer Science: 
Volume A: Algorithms and Complexity, J. van Leeuwen (ed.), MIT Press/Elsevier, pages 
633-672, 1990. 

[216] M. Sudan. Decoding of Reed Solomon Codes Beyond the Error-Correction Bound. Journal 
of Complexity, Vol. 13(1), pages 180-193, 1997. 

[217] M. Sudan. Algorithmic Introduction to Coding Theory. Lecture notes, available from 
http : //theory, csail .mit.edu/'madhu/FTOl/, 2001. 

[218] M. Sudan, L. Trevisan, and S. Vadhan. Pseudorandom Generators Without the XOR Lemma. 
Journal of Computer and System Science, Vol. 62 (2), pages 236-266, 2001. 

[219] R. Szelepcsenyi. A Method of Forced Enumeration for Nondeterministic Automata. Acta 
Informatica, Vol. 26, pages 279-284, 1988. 

[220] S. Toda. PP Is as Hard as the Polynomial-Time Hierarchy. SIAM Journal on Computing , 
Vol. 20 (5), pages 865-877, 1991. 

[221 ] B. A. Trakhtenbrot. A Survey of Russian Approaches to Perebor (Brute Force Search) 
Algorithms. Annals of the History of Computing, Vol. 6 (4), pages 384—398, 1984. 

[222] L. Trevisan. Extractors and Pseudorandom Generators. Journal of the ACM, Vol. 48 (4), 
pages 860-879, 2001. Preliminary version in 31st STOC, 1999. 

[223] L. Trevisan. On Uniform Amplification of Hardness in NP. In 37th ACM Symposium on the 
Theory of Computing, pages 31-38, 2005. 

[224] V. Trifonov. An 0(log« log log n) Space Algorithm for Undirected st-Connectivity. In 37th 
ACM Symposium on the Theory of Computing, pages 623-633, 2005. 

[225] A. M. Turing. On Computable Numbers, with an Application to the Entscheidungsproblem. 
Proc. Londom Mathematical Soceity, Ser. 2, Vol. 42, pages 230-265, 1936. A Correction, 
ibid., Vol. 43, pages 544-546. 

[226] C. Umans. Pseudo-Random Generators for All Hardness. Journal of Computer and System 
Science, Vol. 67 (2), pages 419—440, 2003. 

[227] S. Vadhan. A Study of Statistical Zero-Knowledge Proofs. Ph.D. thesis, MIT, 1999. 
Available from http: //www. eecs . harvard. edu/~salil/papers/phdthesis- 
abs. html. 

[228] S. Vadhan. An Unconditional Study of Computational Zero Knowledge. SIAM Journal on 
Computing, Vol. 36 (4), pages 1160-1214, 2006. Extended abstract in 45th FOCS, 2004. 


483 



[229] S. Vadhan. Lecture Notes for CS 225: Pseudorandomness , Spring 2007. Available from 
http: //www. eecs .harvard. edu/^salil. 

[230] L. G. Valiant. The Complexity of Computing the Permanent. Theoretical Computer Science, 
Vol. 8, pages 189-201, 1979. 

[231] L. G. Valiant. Completeness Classes in Algebra. In 11th ACM Symposium on the Theory of 
Computing, pages 249-261, 1979. 

[232] L. G. Valiant. A Theory of the Leamable. CACM , Vol. 27 (11), pages 1134-1142, 1984. 

[233] L. G. Valiant and V V Vazirani. NP Is as Easy as Detecting Unique Solutions. Theoretical 
Computer Science, Vol. 47 (1), pages 85-93, 1986. 

[234] J. von Neumann. First Draft of a Report on the EDVAC, 1945. Contract No. W-670-ORD- 
492, Moore School of Electrical Engineering, Univ. of Pennsylvania. Reprinted (in part) in 
Origins of Digital Computers: Selected Papers , Springer-Verlag, pages 383-392, 1982. 

[235] J. von Neumann, Zur Theorie der Gesellschaftsspiele. Mathematische Annalen, 100, pages 
295-320, 1928. 

[236] I. Wegener. The Complexity of Boolean Functions . Wiley-Teubner, 1987. 

[237] I. Wegener. Branching Programs and Binary Decision Diagrams — Theory and Applications. 
SIAM Monographs on Discrete Mathematics and Applications, 2000. 

[238] A. Wigderson. The Amazing Power of Pairwise Independence. In 26th ACM Symposium on 
the Theory of Computing, pages 645-647, 1994. 

[239] A. C. Yao. Theory and Application of Trapdoor Functions. In 23rd IEEE Symposium on 
Foundations of Computer Science , pages 80-91, 1982. 

[240] A. C. Yao. Separating the Polynomial-Time Hierarchy by Oracles. In 26th IEEE Symposium 
on Foundations of Computer Science, pages 1-10, 1985. 

[241] A. C. Yao. How to Generate and Exchange Secrets. In 27th IEEE Symposium on Foundations 
of Computer Science, pages 162-167, 1986. 

[242] S. Yekhanin. Towards 3-Query Locally Decodable Codes of Subexponential Length. In 39th 
ACM Symposium on the Theory of Computing , pages 266-274, 2007. 

[243] R. E. Zippel. Probabilistic Algorithms for Sparse Polynomials. In the Proceedings of 
EUROSAM '79: International Symposium on Symbolic and Algebraic Manipulation , E. 
Ng (ed.). Lecture Notes in Computer Science (Vol. 72), pages 216-226, Springer, 1979. 

[244] D. Zuckerman. Linear-Degree Extractors and the Inapproximability of Max-Clique and 
Chromatic Number. In 38th ACM Symposium on the Theory of Computing , pages 681-690, 
2006. 


£ i5 


»I7, «.J&r- I M 

#***:>'4-^, 4Mn**UsfiUf.lfe*&. 0 #.£«, & 

r*i ma& m i 'j m& o i*]#**## 

Ji # # #l A It ft £ # * -f- JL, # it If- £ I*] ft ft -r j& 
$HtA#o fti±A^#,S./ E tft0+#l, -ft' A -f rtftrrtf] 

Jl, i£ *&**£*&£.*. 


tt^mt, jijj, 


*sit a&a f»]iwiASi]. mn 

jEin l.u siitr^±. mm 

^Na^pttiWfll^FSfS. Win, NP-5t£ttgi6% P-vs-NP ®BZ1a\, ^$fRg#lttSi6-^J£|n] 

capti4? *jvyfl<HiaaT>. 

“&*T SNI, ffiAff]#*fM-*#W&#5feJ!fcSW#3f. 

mm%, ii*5feafc^sp^jft*N«wfflj!H4j£jERw. AMfitett-SNJgftaiJS, 
H*ii®H®ftini«:fl<i^JiSLjFngiA^ft.aM#«W#ji*in*-^NH*#iB.J.iRflAW. 

*o IS 3 j MMNHAS Ffty£ft ffiti KM SLM M A. IfA^W> ifcW^iS. 

&±, g $g m wwii- a m^u . 

££ttAft Aft $ ffl M * ® Ji IT&M “ ftftft A” (BPIfft5?fftSf U ), M# (fa 
JSW) SMliUi, M&ttSi&ftAftfKJ “ftftttM” ffi&aiWW*. 

Aft ‘ft£*T M <aE “Tlf”) H®^- y hffl*Ji'Bff]i&^*jr^WSife. & 

(BP^NJfiW^SSSEMWS^). *§&. ixE 

(£9.i ij )o m, $tmm, £-& 


485 








/lw (jAL4.ii?), mis- 

mac, 

# j* ■&ci m m m& w-'bs m«. 

&> 9.3.2.3 W PCP fl'M, WMil 10.19 * 

4$i££ISy#^1tiW[9, 113, 172, 242]^fl1-^4±it, (fi$* 


486 



r 






Blra 1 ) 


r-, r 


* c 










Computational 

Complexity 

* tmt«Ku*l 






xdniu@ndip.cn 

irnrnf-. i m 


Computational Complexity 

A Conceptual Perspective 


04ri CcWiexb 




ISBN 978 - 7 - 118 - 10387-8 


ilti 


9 7 8 7 


1 8 1 0 3 8 7 8 > 

















































































